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Histochemical Alterations in Autonomic Ganglion 
Cells Associated with Aging 


NORMAN M. SULKIN 


™ neural regulation of the involuntary 

functions, such as those of the cardiovas- 
cular system, the secretory activity of the 
glands, and the nutritive processes, including 
both extracellular and intracellular metabolism, 
is carried out through the autonomic nerves. 
These nerves, consequently, play a significant 
role in the metabolic and other changes that 
are associated with aging. The metabolic 
changes are in turn reflected in the metabolism 
of the nerve cells, particularly that of the 
autonomic ganglion cells. 

The recognition of alterations in ganglion 
cells that are primarily associated with aging 
is complicated because of the effects on intra- 
cellular metabolism of pathologic processes and 
of the body as a whole. Well defined criteria 
for the differentiation in ganglion cells of alter-; 
ations that are primarily associated with aging’ 
from alterations that are caused by disease or 
malnutrition are wanting. The advance in our 
knowledge of the cytopathologic alterations in 
autonomic ganglion cells have been described, 
but in most instances they have not been in- 
terpreted in relation to age. 

Attempts to establish norms for human 
autonomic gangiion cells on the basis of their 
cytologic structure have not been successful. 
Preparations of human autonomic ganglia 
commonly exhibit variations in the ganglion 
cells that may be associated with stimulation, 
depression, particular nutritive conditions, or 
pathologic states (8). The establishment of 
criteria for the recognition of alterations in 
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human ganglion cells that are primarily asso- 
ciated with aging, therefore, can only be ap- 
proximated. 

In normal adult animals, particularly cats 
and dogs, the ganglion cells exhibit greater 
uniformity in their cytologic structure than 
they do in man. A cytologic norm for the 
ganglion cells of animals in any given age 
group can, therefore, be established within 
relatively narrow limits of variation. Many 
of the variations observed in human ganglion 
cells have also been induced in the ganglion 
cells of experimental animals by nerve section, 
preganglionic nerve stimulation, and controlled 
diets (10). Norms established for the gang- 
lion cells of animals, therefore, afford useful 
criteria for the study of human ganglion cells. 

Preparations of autonomic ganglia that fall 
within any given age group exhibit certain 
variations in the ganglion cells that are com- 
mon to all the ganglia in that age group, but 
the ganglia of certain individuals in every age 
group exhibit certain variations that are not 
common to all the ganglia in the same age 
group. Variations that are common to all the 
ganglia in a given age group, and not to all in 
any other age group, may be regarded as 
causally related to age. 

The fragmentary data relative to alterations 
in autonomic ganglion cells that are related to 
aging that have been reported are incidental 
to data relative to alterations in these cells that 
seem to be related to disease or pathologic 
processes. The present investigation has been 
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undertaken to discover useful criteria for the 
recognition of cytologic alterations in ganglion 
cells that are causally related to aging and to 
determine, by the use of histochemical tech- 
niques, the nature of such alterations. 


MATERIALS AND METHODS 


The material studied comprises an extensive 
series of autonomic ganglia of man and of the 
dog. The human material includes 90 ganglia 
removed surgically in the treatment of patients 
with peripheral vascular disease and hyperten- 
sion and ganglia obtained at autopsy following 
accidental death. They range in age from 7 
to go years. The individual physical and en- 
vironmental histories were obtained as far as 
possible (table 1). 
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TABLE 1. Gross AGE DISTRIBUTION OF HUMAN AND DoG MATERIAL USED IN THis Stupy 


sections were stained with Harris’ hematoxylin 





and eosin, toluidine blue, or Mallory’s phloxine- F 
methylene blue stain. The ganglia to be used 
for demonstration of the Golgi apparatus were 
fixed and impregnated according to the Kolat- 
chew-Nassonow method. Those prepared for 
demonstration of the alkaline phosphatase re- 
action were sectioned to a thickness of 5 4. 
The sections were treated with sodium glycero- 
phosphate and incubated two and four hours 
at pH 9.0 following fixation in cold 80 per 
cent alcohol. This procedure was carried out 
according to Kabat and Furth’s (7) modifica- 
tion of Gomori’s (6) technique. For the dem- 
onstration of ascorbic acid the ganglia were 
fixed immediately upon removal either in the 


acidified silver nitrate solution of Barnett and 














Age in years 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Number of humans 4 + 12 8 6 14 19 a ee 
Age in years 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 | 16-18 
Number of dogs 5 2 1 1 0 1 6 , - 


The animal material includes ganglion ob- 
tained from 22 dogs 30 days to 16.5 years of 
age. The animals were carefully selected. 
Their histories were also obtained as complete- 
ly as possible. All the animals had been well 
cared for and were in good health and nutritive 
condition (table 1). 

The human ganglia removed surgically were 
fixed almost immediately. Those obtained at 
autopsy were fixed eight to twenty hours after 
death. The canine ganglia were fixed immedi- 
ately after the death of the animal. In some 
instances vie nodose ganglion of the vagus 
nerve was removed with the superior cervical 
sympathetic ganglion and fixed with it. The 
ganglia were sectioned and stained together. 

The ganglia to be used for studies of general 
morphology and basophilia were fixed in 10 
per cent formalin or in Zenker’s fluid. The 


Bourne (2) or by the method of Deane and 
Morse (4). | 
Acid-fast stains were applied to tissues that 
had been fixed in 10 per cent -formalin or in 
Zenker’s fluid. Sections were stained for two 
hours in Ziehl-Neelsen carbol-fuchsin at 60 C,, 
decolorized for two hours in 3 per cent hydro- 
chloric acid in 70 per cent alcohol, and counter- 

stained with Harris’ hematoxylin. 
Carbohydrate moieties were demonstrated 
with the McManus (12) periodic-acid Schiff 
reagent. 
other substances by incubation of control sec- 
tions with a buffered solution of 1 per cent 


Glycogen was differentiated from 


malt diastase for one hour at 37°C. Ganglia ' 


which had been fixed with Rossman’s fluid 
were sectioned, impregnated with collodion on | 
slides, treated with 1 per cent periodic acid | 
for 10 minutes, stained in the Schiff reagent | 
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for 15 minutes, and subsequently rinsed in 
sulfurous acid. 


RESULTS 


General —The variations in autonomic gang- 
lion cells that are generally described as asso- 
ciated with disease and with age include alter- 
ations in chromidial substance, shrinkage, hya- 
line degeneration, hydropic alterations, pigmen- 
tation, nuclear displacement, vacuolization, and 
partial or complete destruction of the cells by 
the action of neuroglial elements. In the study 
of human ganglia all these variations in gang- 
lion cells have been observed, but they cannot 
generally be regarded as causally related to or 
primarily associated with any specific state of 
the autonomic nerves. 


In most of the ganglia in the advanced age 
group in the present series, a high percentage 
of the ganglion cells seems to be relatively poor 
in chromidial substance, but not poorer than 
most of those in the sympathetic trunk ganglia 
of the younger persons with peripheral vascu- 
lar disease or other conditions which cause re- 
Preparations of 
ganglia of certain individuals who have reach- 
ed the age of 90 years or over in fairly good 
nutritive state exhibit more abundant chrom- 
idial substance in the ganglion cells than many 


flex vasomotor stimulation. 


of those in the ganglia in the younger age 
groups. Depletion of the chromidial substance 
in man, therefore, is not necessarily associated 
with aging. 

Comparative observations made on the gang- 
lion cells of the dog and those of man indicate 
that the marked variations that occur in the 
human ganglia may be caused by external and 
internal environmental factors that are gener- 
ally beyond the control of the observer. Many 
of the factors that are responsible for the vari- 
ations be experimental 
animals. Observations made on preparations 
of animal material, therefore, lend themselves 
Some of the 


may eliminated in 


to more exact interpretations. 
observed variations seem to be causally related 
The autonomic gang- 
lion cells in all the dogs in this series, 12 years 


to the process of aging. 


HISTOCHEMISTRY OF AGING AUTONOMIC CELLS 





535 


of age or over, are characterized by a reduc- 
tion in the chromidial substance, nuclear dis- 
placement, hydropic alterations, shrinkage, and 
pigmentation. Pigments such as have heen 
observed in human ganglia of all ages, includ- 
ing some under I0 years of age, are found only 
in the ganglia of senile dogs. 

The characteristics of autonomic ganglion 
cells which seem to be related to aging in the 
dog are not common to all types of nerve cells. 
The sensory ganglia seem to be resistant to 
age changes. Sections of nodose ganglia re- 
moved from dogs 12.5 to 16.5 years of age ex- 
hibit ganglion cells that seem identical to those 
in corresponding sections of ganglia of young- 
er animals. The cells are neither shrunken nor 
swollen, the nuclei are centrally located, and 
the chromidial substance in the cytoplasm 
shows no alteration in the ribonucleoprotein 
content (fig. 1). On the other hand, autonomic 
ganglion cells of all animals. in the advanced 
age group show marked morphologic altera- 
tions. Most of them are shrunken, the nuclei 
appear pycnotic, and are displaced toward the 
periphery. Marked chromatolysis is apparent. 
Some cells exhibit almost complete absence of 
chromidial substance (fig. 2). These cells may 
be compared to autonomic ganglion cells in 
younger animals (fig. 3). 

In very young animals (20 to 40 days of 
age) the morphology of the autonomic nerve 
cells is notably different from that in the older 
age groups, that is, from 60 days to 6 years. 
The cells are smaller although not shrunken. 
The nucleo-cytoplasmic ratio is shifted in favor 
of the nucleus and the concentration of chrom- 
idial substance in the nerve cells of the young 
animal is far less marked than in the older 
age groups. In the ganglion cells of the in- 
fantile animals the nucleoli exhibit an acido- 
philic staining reaction that indicates a reduc- 
tion of ribonucleic acid. 

Golgi Apparatus.—-In the normal autonomic 
ganglion cells of the young and the adult dog, 
the Golgi apparatus typically consists of a 
loosely woven network of osmophilic substance 
which may be quite uniformly distributed 
throughout the cell body or aggregated in the 
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perinuclear zone (fig. 4). In some instances 
it consists of small spherical bodies which do 
not seem to be joined by threads. This con- 
dition is less common in the ganglion cells of 
the young than in those of the mature dogs. 
The ganglion cells of senile dogs are character- 
ized by marked alterations of the Golgi appar- 
atus. The typical Golgi network was not ob- 
served in the ganglion cells of any of the dogs 
over I2‘years of age. Many ganglion cells 
exhibit very little osmophilic material. Others 
possess a considerable amount. In either case, 
it occurs either in the form of discrete gran- 
ules or the cytoplasm is diffusely osmophilic 
(fig. 5). 

In human autonomic ganglia obtained at 
autopsy the typical Golgi network was not 
observed. The osmophilic substances were 
lacking or they were present in the form of 
granules. In many instances the cytoplasm 
was diffusely stained. In human autonomic 
ganglia removed surgically the typical Golgi 
network was observed in some of the ganglion 
cells of some individuals, but in none of those 
of other individuals. Osmophilic granules were 
observed in all the ganglion cells in which there 
was no Golgi network and in all the ganglia 
removed surgically . 

Alkaline Phosphatase Activity—It has been 
of interest to study alkaline phosphatase activ- 
ity in the autonomic ganglia in dogs of vary- 
ing ages because alterations in alkaline phos- 
phatase activity in the autonomic ganglia have 
been demonstrated in a variety of physiologic 
and pathologic conditions in other animals. In 
dogs of all ages alkaline phosphatase activity 
is demonstrable in the cytoplasm of all the 
autonomic ganglion cells. It varies but little 
in amount in the ganglion cells of individual 
animals. Those of animals in the different 
age groups also show no significant alteration 
in enzymatic activity. In contrast to this, the 
ganglion cells of individual cats exhibit mark- 
ed variations in enzymatic activity. in most 
instances the alkaline phosphatase activity in 
the ganglion cells of the cat is much greater 
than in those of the dog. Significant altera- 
tions occur, however, in the alkaline phos- 
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phatase activity in the neuroglial elements in | 
the ganglia of dogs in the different age groups, | 
In both young and adult dogs the neuroglial 
fibers exhibit appreciable alkaline phosphatase 
activity (fig. 6) where as in senile dogs this 


activity is sharply diminished (fig. 7). The 
preparations of human autonomic ganglia of 
different individuals show marked variations 
in alkaline phosphatase activity in the ganglion 
cells. These differences could not be correlated 
with aging. 

Ascorbic Acid —Large amounts of ascorbic 
acid in autonomic ganglion cells of various 
animals have been previously reported (20). 
The ascorbic acid content can be altered ex- 
perimentally by physiologic, pathologic, and 
dietary procedures. The dog, unlike man, is 
capable of synthesizing ascorbic acid. Obser- 
vations on the vitamin C content in the auto 
nomic ganglia of the dog indicate that in an- 
imals under 30 days of age the ganglion cells 
contain less vitamin C than those of animals 
in the older age groups. After the age of 12 
years there is a marked diminution of this sub- 
stance in the ganglion cells. 

Our observations on autonomic ganglia in 
man indicate no correlation between the 
vitamin C content of the ganglion cells and 
age. In individuals in which the autonomic 
nerve cells seemed most nearly normal, how- 
ever, there was a normal distribution and a 
normal amount of ascorbic acid as compared 
to the nerve cells of animals. It was further 
noted that the ganglion cells of persons who 
had been hospitalized for long periods prior 
to their death showed a normal complement of 
vitamin C. This phenomenon is independent 
of age and probably is caused by large amounts 
of vitamin C in the diet. 

Periodic-Acid Schiff Reagent.——The occur- 
rence and localization of carbohydrate moieties 
were demonstrated by the use of the periodic- 
acid Schiff reagent. 
series up to 8 years of age, the cytoplasm in 
most of the ganglion cells showed a strongly 
positive reaction to this method (fig. 8). When 
corresponding sections were treated with a 
buffered solution of malt diastase prior to 
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staining, the cytoplasm of the cells did not 
respond to the stain, indicating that most gang- 
lion cells in young and adult dogs contain con- 
siderable amounts of glycogen (fig. 9). 

In the senile dogs, the cytoplasm of many of 
the ganglion cells also responded in a highly 
positive manner to the periodic-acid Schiff 
reagent (fig. 10), but treatment of the sections 
with malt diastase prior to staining did not 
alter the staining property of the cells (fig. 
11). All the cells retained their strongly posi- 
tive reaction to the stain. ‘This indicates that 
the stain in these cells is not caused by the 
presence of glycogen, but rather by some other 
carbohydrate moiety, presumably a mucopoly- 
saccharide. 

According to McManus and Cason (13), 
treatment of sections with an acetic anhydride- 
pyridine mixture causes acetylation of the 
hydroxyl groups in the tissue so that they no 
longer produce aldehydes after oxidation by 
periodic acid. Acetylation of tissues, there- 
fore, can be used as a histochemical confirma- 
tion of the carbohydrate nature of materials 
that stain with the Schiff reagent after periodic 
acid. In sections of the autonomic ganglia of 
senile dogs, acetylation in this manner pre- 
vented the foruiation of the aldehydes and 
staining with the Schiff reagent following 
periodic acid oxidations. Acetylated sections 
subjected to weak alkali regain the ability to 
produce aldehydes after oxidation with periodic 
acid. When these sections were treated with 
0.1 normal potassium hydroxide for forty 
minutes following acetylation, the staining re- 
action was again positive. 

Sections of human autonomic ganglia treated 
in the same manner as those of the dog exhibit 
variable amounts of glycogen in the ganglion 
cells of different individuals. In no instance 
was the presence of mucopolysaccharides in 
the cytoplasm of these cells indicated, even in 
individuals 90 years of age. A positive reac- 
tion was observed in the pigment granules. 
It will be described in the following section. 

Pigmentation—Sections of the autonomic 
ganglia of all the dogs in this series 30 days 
to 9 years of age showed no pigmentation of 
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the ganglion cells. Sections of the ganglia of 
all the dogs 12 to 16.5 years of age showed 
pigmentation of the ganglion cells. Pigmen- 
tation of autonomic ganglion cells in the dog, 
consequently, can definitely be associated with 
aging. 

Preparations of human autonomic ganglia 
obtained in an extensive series of autopsies 
following death due to widely varying causes, 
at ages ranging from childhood to over go 
years, and preparations of sympathetic ganglia 
removed surgically in the treatment of disease 
in approximately 80 patients show some pig- 
ment in some of the ganglion cells in nearly 
every case. In general the ganglia in the older 
age groups are more heavily pigmented than 
those in the younger, but a consistent progres- 
sive increase in pigmentation from youth to 
old age could not be demonstrated. A primary 
association of pigmentation of ganglion cells 
with age, therefore, is not apparent in man. 

The components of the pigments in auto- 
nomic ganglion cells are not fully known. On 
the basis of the present findings in human ma- 
terial, the pigment is not acid fast. It is 
sudanophilic even following extraction with 
alcohol and paraffin embedding. Most of it 
exhibits a high degree of alkaline phosphatase 
activity. It is also stainable with ammonical 
silver, acidified silver nitrate (ascorbic acid 
technique), and with osmic acid, but remains 
unstained following the Feulgen reaction. Its 
positive staining reaction to the periodic-acid 
Schiff technique even following digestion with 
malt diastase and its negative reaction to the 
Schiff technique without periodic acid oxida- 
tion and to the McManus acetylation technique 
preceding the periodic acid seem to indicate 
the presence of mucopolysaccharides (fig. 12). 
The pigments in the ganglion cells of the dog 
do not react in a positive manner to the 
periodic-acid Schiff reagent. 


DISCUSSION 


Analysis of the data obtained in this inves- 
tigation indicates that it is possible to establish 
criteria for the recognition of alterations in 
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the ganglion cells of the dog that are primarily 
associated with aging, but that such criteria 
can only be approximated for human ganglion 
cells. Even this approximation can be made 
only after careful study of the history of the 
individual, which is often wanting or incom- 
plete, and after comparison with the criteria 
established in experimental animals. 
Chromatolytic alterations have often been 
described as an indication of ganglion cell 
pathology. Stammler (17, 18) and Mogilnitzky 
(14, 16) observed such alterations in 
ganglia obtained at autopsy in cases of infec- 
tious disease and in ganglia removed surgically 
in cases of Raynaud’s disease and angina pec- 
toris. Kuntz (8, 9) described diminution of 
the chromidial substance in autonomic ganglion 
cells associated with a variety of disease con- 
ditions and with aging. The observations of 
Craig and Kernohan (3) in a very extensive 
series of sympathetic ganglia removed surgical- 
ly also indicate chromatolytic alterations, but 
these investigators regarded the changes ob- 
served as within the limits of normal variation. 
The present observations on the sympathetic 
ganglia of the dog support the view that 
diminution of the chromidial substance may be 
causally associated with the process of aging. 
However, 


15, 


since chromidial alterations occur 
under such a variety of conditions and since 
the range of normal variation is so wide, they 
do not serve as useful criteria for aging in 


ganglion cells. 
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Alterations in the Golgi apparatus in the | 
autonomic ganglion cells under experimental | 
conditions have recently been reported by Sul- 
kin and Kuntz (19), in Purkinje cells of the 
mouse dying of senility by Andrew (1), and 
in sympathetic ganglion cells in the senile rab- 
bit by Gatenby and Moussa (5). In the gang- 
lion cells of cats which had undergone pro- 
longed preganglionic faradic stimulation, Sul- 
kin and Kuntz observed a breakdown in the 
Golgi network together with the appearance of 
osmophilic granules or the disappearance of 
osmophilic staining substances. Andrew ob- 
served almost complete loss of anything that 
might be described as a reticulum in the gang- 
lion cells of senile mice. The Golgi apparatus 
is broken up into numerous granules usually 
not more than I to 2 p» in diameter. Ac- 
cording to Gatenby and Moussa, some ganglion 
cells in old rabbits are devoid of Golgi ap- 
paratus, while in most of them the bulk of 
the apparatus has become thinned out. In 
many cases the filaments seem to be fragment- 
ing into beads, resulting in groups of intensely 
argentophilic granules. This is corroborated 
by observations made in the present study. It 
is, furthermore, suggested that the alterations 
in the Golgi apparatus indicate a changed 
physiologic state of the ganglion cell. 





As has been previously reported, certain ex- 
perimental procedures, such as prolonged pre- 
ganglionic stimulation, are followed by altera- 
tion in the alkaline phosphatase activity in the 


ae 


Photomicrograph of section of nodose ganglion of 14.5 year old dog stained 
The cells seem similar to corresponding cells of young 
10x ocular; 90x objective. 

Photomicrograph of section of superior cervical ganglion taken from same 
dog as figure 1 and photographed from same slide. 


10x ocular; 90x objective. 


Photomicrograph of section of superior cervical ganglion of 6 month old 
dog stained with methylene-blue phloxine. 


Compare with figure 2. 10x ocrvlar; 90x 


Fic. 4. Photomicrograph of section of autonomic ganglion of 6 week old ¢og fixed 


and impregnated according to Kolatchew’s method for Golgi apparatus. 


gox objective. 
Fic. 5. 


Fic. 6. 


1ox ocular; 


Photomicrograph of section of autonomic ganglion of 16 year old dog 
prepared by the same method as in figure 4. 
Photomicrograph of section of autonomic ganglion of 6 week old dog 
prepared by Kabat and Furth’s modification of Gomori’s technique for the demonstra- 
tion of alkaline phosphatase activity. 


1ox ocular; 90x objective. 


Tox ocular; 20x objective. 
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autonomic ganglia, both in the ganglion cells 
and in neuroglial elements (21). Present ob- 
servations indicate that in senility the only sig- 
nificant alteration of this enzymatic activity 
occurs in the neuroglial elements. High al- 
kaline phosphatase activity in the ganglia seems 
to be related to neuroglial proliferation. Dur- 
ing senility, in the dog, therefore, neuroglial 
proliferation seems to be retarded. So-called 
“neuronophagia” does not seem to be excessive 
in the senile dog. It is suggested that the in- 
creased ganglion cell destruction caused by 
neuroglial elements in aging man may be caused 
by other pathologic processes. 

The observations made in an attempt to cor- 
relate the vitamin C content in the autonomic 
ganglion cells of the dog with the process of 
aging support the assumption that either the 
mechanism of vitamin C synthesis breaks 
down during senility or that the aging cells 
use up more vitamin C than younger cells. 
In certain pathologic states and under certain 
experimental conditions, as has been previously 
reported (20), the ascorbic acid content of 
autonomic nerve cells is diminished. Since the 
ascorbic acid content of the nerve cells in man 
depends to some extent on the diet, any attempt 
to correlate the content of this vitamin with 
aging would not be fruitful. 

Preliminary experiments with the guinea 
pig, an animal that requires vitamin C from 
exogenous sources, afford evidence that if 
vitamin C is withheld from the diet, histo- 
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chemical alterations occur in the autonomic 
ganglion cells that are identical to the changes 
observed during senility (22). 

One of the most significant alterations that 
occurs in the autonomic ganglion cells of the 
senile dog is the accumulation of a periodic- 
acid fuchsin positive substance which is ap- 
parently a mucopolysaccharide. This sub- 
stance has not been previously observed in 
nerve cells to the writers’ knowledge. In the 
senile dog it is present in the cytoplasm of 
varying numbers of cells and is not observed 
in the pigment granules. In man, this sub- 
stance has not been observed in the cytoplasm 
of the ganglion cells except in the pigment 
granules. The mechanism of the deposition 
of mucopolysaccharides in the aging ganglion 
cell is not understood and requires further in- 
vestigation. 

The occurrence of pigments has long been 
regarded as an indication of aging in nerve 
cells. The data obtained in the present in- 
vestigation indicate that if other pathologic 
conditions are ruled out, as in the case of the 
dog experiments, pigmentation may serve as 
a criterion of aging. On the other hand, it 
seems that in man many other factors may 
contribute to the deposition of pigments. In 
spite of the fact that pigments have long been 
observed in nerve cells, little is known con- 
cerning their origin and their chemical con- 
stitution. 

Wolf and Pappenheimer (23) have reported 
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Fic. 7. 


Photomicrograph of section of autonomic ganglion of 14 year old dog 


prepared by Kabat and Furth’s modification of Gomori’s technique for the demonstra- 


tion of alkaline phosphatase activity. 


1ox ocular; 20x objective. 


Fic. 8. Photomicrograph of section of autonomic ganglion of 3 year old dog stained 


by McManus periodic acid-Schiff reagent. 


10x ocular; 90x objective. 


Fic. 9. Photomicrograph of section corresponding to that in figure 8 which had 
been treated with malt diastase prior to staining, indicating that the positive reaction in 


the section in figure 8 is due to the presence of glycogen. 
Photomicrograph of section of autonomic ganglion of 12 year old dog 
stained by McManus periodic acid-Schiff reagent. 
Photomicrograph of section corresponding to that in figure 10 which had 


Fic. 10. 


Fic. II. 


10x ocular; 90x objective. 


10x ocular; 90x objective. 


been treated with malt diastase prior to staining. In the senile dog the reaction remairs 


positive indicating the presence of mucopolysaccharides. 
Photomicrograph of section of autonomic ganglion taken from a 57 year 


Fic. 12. 


1ox ocular; 90x objective. 


old man stained by McManus periodic acid-Schiff method. The pigment granules in 


these cells show a positive reaction. 


10x ocular; 20x objective. 
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the occurrence of acid fast pigments in the 
cells of the central nervous system and in 5 
sympathetic ganglia in man. They imply the 
relationship between acid fast pigment and 
“ceroid,” but they refrain from identifying 
the pigment as “ceroid” until more evidence is 
available. No evidence of acid fast pigments 
in the ganglion cells of either dog or man was 
obtained in the present study. 

An interesting observation is the occurrence 
of a high alkaline phosphatase activity in the 
pigment. This may be a purely physical 
phenomenon involving the diffusion of the 
stainable material onto the surface of the gran- 
ules. No other explanation is offered at this 
time for the appearance of a high enzymatic 
activity in these granules. 

Extensive data bearing on the effects of 
normal age changes in autonomic ganglia on 
physiologic processes are not available. Ac- 
cording to Lasch and Miiller-Deham (11), the 
duration of the effects of sympathetic stim- 
ulants becomes somewhat shorter with advanc- 
ing age. A tendency towards increased para- 
sympathetic tonus may also be recognized. 
Marked changes in the autonomic system alone 
have not been observed. 

Excessive degenerative changes of large 
numbers of sympathetic ganglion cells, which 
is a common accompaniment of senility, un- 
doubtedly results in impairment of vasomotor 
regulation. Extensive necrosis or functional 
exhaustion of ganglion cells in the sympathetic 
trunk ganglia results in material reduction in 
the numbers not only of the effective vaso- 
motor fibers but also of the cardiac accelera- 
tors. More complete knowledge of the effects 
of alterations of the autonomic ganglia on the 
vascular system as well as on other systems 
await further investigations. 


SUMMARY 


Observations made on the chromidial sub- 
stance of ganglion cells of man and of the dog 
indicate that the marked variations that occur 
in human ganglion cells are caused by external 
In the 


and internal environmental factors. 





dog, in which many of these factors may be 
eliminated, the ganglion cells of the older ani- 
mals show consistent depletion of the chrom- 
idial substance. The ganglion cells of senile 
dogs also exhibit marked alterations of the 
Golgi apparatus. Corresponding alterations 
that may be observed in ganglion cells of young 
human subjects probably are due to physio- 
logic, pathologic or, in the case of autopsy 
material, to postmortem changes. The alkaline 
phosphatase activity in the neuroglial elements 
in the ganglia of dogs, which normally is ap- 
preciable, also diminishes during senility. 

In dogs under 30 days of age the ascorbic 
acid content is very low. It increases during 
maturity and diminishes during senility. In 
man the asc. sic acid content of the ganglion 
cells varies with the diet and conditions of 
disease. 

In senile dogs the cytoplasm of ganglion 
cells includes mucopolysaccharides. In_ the 
ganglion cells of man these substances are 
limited to the pigment granules. 

The significance of the data reported is dis- 
cussed. 

This investigation was supported by a research 


grant from the National Heart Institute, U. S. Public 
Health Service. 
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MARIA A. 


io fresh water sessile protozoan, Tokophrya 

infusionum, belongs to the class Suctoria 
which is highly specialized as to its feeding 
habits and manner of reproduction (14, 15, 
16). The food of Tokophrya consists of small 
ciliates, e.g., Tetrahymena. The capture of the 
swimming prey depends upon chance contact 
with the tentacles of the Tokophrya. A few 
seconds after attachment, the cytoplasmic 
granules of the prey flow through one or sev- 
eral attached tentacles of the host until the 
contents of the prey are incorporated. On the 
average, completed ingestion occurs within 
forty minutes after seizure. 

Tokophrya is able to feed on 10 or more 
ciliates simultaneously ; each of the latter may 
be 2 to 10 times larger than the host. After 
heavy feeding Tokophrya becomes opaque, 
filled with dark aggregates. While feeding, 
the size of the body of the host increases slow- 
ly and steadily and decreases afterwards only 
while reproducing or while starving. For this 
reason, the size of the Tokophrya, averaging 
from 17 to 50 p, depends more on the amount 
of food ingested than on the age. 

Tokophrya reproduces by endogenous bud- 
ding. Half of the micronucleus, a small part 
of the macronucleus, and a part of the cyto- 
plasm are pinched off from the parent to form 
the “embryo.” The embryo receives also a 
part of the parent’s nutrition, which is pre- 
sumed to be the undigested food. The whole 
process of reproduction occurs in a temporarily 
formed vacuole, the so-called brood-pouch. 
The ciliated embryo rotates within the brood 
pouch and, after about twenty minutes, is 
ejected from the parent organism. The liber- 
ated ciliated embryo swims for several minutes 
to several hours until it becomes attached to 
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a solid substrate. The embryo then changes 
in a few minutes by metamorphosis to the ma- 
ture non-ciliated sessile form with stalk and 
tentacles. 

Tokophrya is exceptionally favorable for 
feeding experiments, and especially for exper- 
iments on the influence of food on the life 
span and reproduction. 

Since the organism feeds only on living 
ciliates, which become attached to its tentacles, 
the amount of food and time of feeding can be 
regulated. As shown in a previous work (14), 
it is easy to create a state of overfeeding be- 
cause there is no limit as to the amount of food 
ingested. The endogenous budding method 
permits continued reproduction of the adult, 
which survives for several weeks. ‘This makes 
it possible to perform experiments on the same 
reproducing individual for a _ considerable 
length of time. Since the adult Tokophrya 
is sessile, it is possible to keep individual rec- 
ords on many individuals in the same culture 
vessel throughout their life span. 

In previous experiments (14), it was found 
that the amount of food influences the rate 
of reproduction. If a Tokophrya feeds con- 
stantly for over forty-eight hours, it increases 
to giant proportions, on the average 120 times 
beyond its normal size. Such a giant organ- 
ism stops reproduction and disintegrates after 
a few hours. These experiments led to the 
impression that the amount of food influences 
not only the reproduction rate but also the life 
span. 

A series of experiments was then performed 
to determine the effect of heavy feeding con- 
trasted with meager diet and intermittent 
starvation on the life span of Tokophrya. 

The first experiments were performed in 
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hanging drops. This method, although effici- 
ent for the problem of reproduction, was found 
unsatisfactory for prolonged experiments deal- 
ing with the problem of life span. The fre- 
quent lifting of the cover-slip, fastened by 
vaseline to the moist chamber, entailed the 
danger of breaking the cover-slip and of con- 
tamination. Moreover, the growing popula- 
tion became confusingly dense because of the 
small size of the drop. This method was 
therefore replaced by the use of glass tubes 
(125 mm. x 20 mm.) closed at the open end 
with screw caps. 

A few embryos and a small amount of food 
were introduced to each tube filled with 15 cc. 
autoclaved spring water. To increase the aera- 
tion surface, the tubes were kept in a slanted 
position. On the outside of the tube, a square 
ink-mark was drawn. Every young Tokophrya 
found attached to the glass within the mark 
was recorded by a number on a graph paper. 
In this way, a map was formed to show the 
location of each Tokophrya. A linear microm- 
eter, placed in the eyepiece of the microscope, 
slanted on the same angle as the cultures were 
kept, made it possible to determine the location 
of each Tokophrya. A record of every Toko- 
phrya was kept as to the age and amount of 
food consumed. When food was introduced, 
notes were made as to the number of Tetrahy- 
mena seized and incorporated by each of the 
studied Tokophrya. 

Only a limited number of Tokophrya, not 
over 30, were kept under observation in one 
tube.* Such a number was found not to be 
excessive for simultaneous exact observation. 
The value of the tube method consisted in the 
large amount of culture medium, in the easy 
way of feeding, and in the fact that all ex- 
perimental individuals were subject to the 
same conditions as to air, temperature, ex- 
posure to light, and food distribution. 

Three sets of experiments were performed : 

A. Abundant food, introduced daily (each 
Tokophrya consumed 8 to 15 Tetrahymena 
vorax daily). Such an amount of food requires 





* In current studies now under way it is possible to keep 
under observation about 50 individuals due to the use of a 
net micrometer reticule instead of the linear micrometer. 
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5 to 12 hours to be ingested and over two days 
to be digested. 

B. Abundant food with intermittent starva- 
tion, lasting one day (each Tokophrya con- 
sumed 8 to 15 Tetrahymena every second day). 

C. Little food with intermittent starvation, 
lasting I to 2 days (each Tokophrya consumed 
1 to 3 Tetrahymena every second to third day). 
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Fic. 1. Life span in all 3 sets of experiments 


A — heavy feeding introduced daily (mean 6.87 days). 
B — heavy feeding with intermittent starvation (mean 
0.5 days). 
C—meager diet with intermittent starvation (mean 
13.2 days). 
Each column represents life span in days and num- 
ber of individuals in percentage. 


Figure I presents the results from all 3 
sets of experiments. “A” represents abundant 
food introduced daily; “B” abundant food in- 
troduced every second day; “C” meager diet 
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with intermittent starvation. In each set of 
experiments, 60 individuals were under obser- 
vation from the first day of life until disin- 
tegration. 

In set A, over one-third lived 2 to 5 days, 
and almost a half of the experimental indi- 
viduals lived 6 to 9 days. 
food was abundantly furnished every second 
day, a significant prolongation in life was 
found; 23 individuals (38 per cent) survived 
10 to 13 days, while in set A, only 11 (18 per 
cent) lived 10 to 13 days. Besides, we find 
15 per cent of the individuals living 14 to 17 
days, a life span not attained by any one of 
the animals in set A. The results in set C 
differ significantly from both previous groups. 
We find here 17 per cent of the individuals 
living 18 to 25 days, a length of time not 
reached by any in set A and B. 


In set B, where 
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Fic. 2. Percentage and number of individuals with a 
life span not exceeding 9 days in all 3 sets of 
experiments. 


A—heavy feeding introduced daily. 
B—heavy feeding with intermittent starvation. 
C—meager diet with intermittent starvation. 

The dark space in each column represents the num- 
ber of individuals living 1 to 9 days only. 
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Figure 2 represents the number of individ- 
uals which perished during the first 9 days of 
life. In set A, in which heavy feeding was 
furnished every day, 49 out of 60 individuals 
(81.7 per cent) perished during the first 9 days 
of life. In set B, 28 individuals out of 60 
(46.7 per cent) perished during the first g 
days of life, while heavily fed every second 
day. 
termittent starvation was used, the results were 
striking. Only 14 individuals out of 60 (23.3 
per cent) perished during the first 9 days of 
life. 

Of interest is the average life span in these 


In set C, where a meager diet with in- 


3 sets of experiments. In set A, the average 
life span is 6.87 days, in B, 9.5 days, and in 
C, 13.2 days. This means that individuals 
kept on a meager diet with intermittent starva- 
tion live on the average almost twice as long 
as those kept on a heavy diet. 

The above described experiments show that 
food life drastically in 
Yokophrya infusionum while on the other hand, 
both a meager diet and intermittent starvation 
favor longevity. 


abundant shortens 


These results conform with the life span 
experiments obtained on rats by Carlson and 
Hoelzel (2, 3, 4, 5), McCay, Sperling and 
Barnes (11), Saxton and Silberberg (12, 13); 
on trout obtained by McCay (8, 9, 10) ; and on 
daphnia by Ingle (7). Carlson and Hoelzel 
found that in rats intermittent starvation pro- 
longs life about 20 per cent; Saxton and Sil- 
berberg were able to increase the life span in 
rats through underfeeding by about 50 per 
cent; Ingle increased the life span in daphina 
over 60 per cent and McCay in trout about 100 
per cent also through underfeeding. 

It is of particular interest that statistical 
data published recently by Dublin and Marks 
(6) disclose that overweight shortens human 
life. Armstrong, Dublin, Wheatley, and Marks 
(1) 
probably due to overeating in 95 per cent of 
the cases. 

The similarity of results in all those organ- 
isms belonging to different groups, phylogenet- 
ically so far separated, leads to the conclusion 


stress furthermore that overweight is 
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that the amount of food ingested might be a 
basic biologic factor affecting the life span of 
all living organisms including man. 

How may be explained the difference in life 
span between individuals kept on a heavy diet 
in comparison with those on a meager diet and 
intermittent starvation? In the case of Toko- 
phrya, it might be that a state of auto-intoxica- 
tion is induced when large amounts of food 
are incorporated, with inability to digest the 
previously taker in food material and to elim- 
inate waste products adequately. As mentioned 
above, a large amount of food needs more than 
two days to be digested. 

When the animal is fed abundantly every 
day, additional food material is being brought 
in while the old has not yet been digested. A 
situation is met with in which the Tokoyphrya 
is overloaded with food material. A part of 
this ingested food is undoubtedly removed into 
the embryo during reproduction. However, 
when heavy feeding is going on daily, the rate 
of reproduction drops. It might be also that 
the Tokophrya is unable to remove adequately 
the accumulating waste products because of 
other unfavorable factors connected with heavy 
feeding, such as the change of the shape of the 
body and condensation in bulk of food in- 
gested. 

Tokophrya is pyriform or oblate and some- 
what flattened in the unfed animals. While 
feeding, the shape of the body shifts to a 
spheroid. This shape is kept as long as the 
Tokophrya is filled with food. The contrac- 
tile vacuole, which operates with greater speed 
during feeding, removes the aqueous part of 
the cytoplasm brought in from the prey. As 
a result, the interior becomes loaded with solid 
material, and the size of the Tokophrya in- 
creases comparatively slowly. 

The removal of water-soluble waste products 
occurs through the surface, and therefore the 
size of the surface area of the body is of great 
importance. A factor to be considered is the 
approach in shape of the Tokophrya to that 
of a sphere which would have the smallest area 
in relation to the volume. This would mean 
that the removal of waste products is slow. 
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Hence when the amount of food to be in- 
gested is too large, this slowness favors auto- 
intoxication. 

On the other hand, a meager diet produces 
less waste products. Intermittent starvation 
improves the physical conditions for the re- 
moval of waste products because the shape of 
the body flattens. Moreover, the amount of 
waste products is greatly reduced, thus allow- 
ing the restoration of the normal balance of 
reactions. 


SUMMARY 


1. Tokophrya infusionum, a sessile protozoan 
from the class Suctoria, is exceptionally favor- 
able for feeding experiments and especially for 
studies on the influence of food on the life 
span. 

2. A method was worked out to keep indi- 
vidual records on many Tokophrya in the same 
culture vessel throughout the whole life span. 

3. Three sets of experiments were per- 
formed : 

A. Abundant food introduced daily. 


B. Abundant food with intermittent 
starvation. 

C. Meager diet with intermittent starva- 
tion. 


4. The longest life span was found in in- 
dividuals kept on a meager diet with inter- 
mittent starvation, the shortest in individuals 
kept on a heavy diet supplied every day. 

5. The possible explanation seems to be that 
a heavy diet induces auto-intoxication. 

6. The results of these experiments conform 
with the life span experiments obtained on or- 
ganisms from different systematic groups and 
lead to the conclusion that the amount of food 
ingested might be a basic biologic factor affect- 
ing the length of life of all living organisms in- 
cluding man. 

Acknowledgment is made to Dr. Robert Chambers 
for the criticism of the manuscript and to Dr. V. 


Korenchevsky for the discussion on the problems of 
auto-intoxication. 
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Responses of the Vaginal Epithelium of 
Postmenopausal Women to Single 


Doses of Estrogens 


ANN M. SHEARMAN, MILDRED VOGEL, AND THOMAS H. McGAVACK 


i a vaginal smears of postmenopausal women 
from the ages of 41 to 85 years have been 
serially examined at periodic intervals follow- 
ing the administration of a single dose of estro- 
genic material. From the data so obtained, an 
effort has been made to establish correlation 
between 1) the dose of estrogenic material, 
2) the age of the individual, 3) the intensity 
of effect, 4) the duration of action, and 5) 
the time elapsing between the administration 
of the drug and the first appreciable change in 
the vaginal smear. 


METHODS AND MATERIALS 


One hundred and fifty women ranging from 
41 to 85 years of age have served as subjects 
for the study. All patients were postmeno- 
pausal and a majority of them were experienc- 
ing the symptomatology of the climacterium. 
Twenty-six per cent (39/150) of the cases 
studied were in the 40 to 49 year range, 41 
per cent (61/150) and 23 per cent (35/150) 
were in the sixth and seventh decades, respec- 
tively, and only 10 per cent (15/150) of the 
subjects were 70 to 85 years of age. 

Vaginal smears were taken periodically, us- 
ually daily, for from one to three weeks prior 
to the administration of the estrogen. From 
the study of these smears, each patient was 
classified as to smear type according to the cri- 
teria of Papanicolaou and Shorr (3). Subse- 
quent alterations in the vaginal smears under 
the influence of the injected hormones were 
evaluated in accordance with these initial obser- 
vations (1, 2). Details related to the taking 
of smears, staining methods, and daily tabula- 





tion of observations have been described else- 
where (4, 5). 

The estrogenic preparation was administered 
in a single dose to each subject by injection. 
Five preparations and 4 menstrua were em- 
ployed in the study and the specific type of 
estrogen, the menstruum, the amount admin- 
istered, and the number of cases tested on 
each preparation are given in table 1. 


RESULTS 


The vaginal smears of postmenopausal 
women taken before the administration of 
estrogen were grouped according to the classi- 
fication of Papanicolaou and Shorr, and in 
table 2 the type of smear obtained and the num- 
ber of subjects in each age group are given. 
Thirty-six per cent (14/39) of patients in the 
fifth decade still showed a control smear of the 
premenstrual type, while only 26 (16/61) and 
17 (6/35) per cent of subjects showed this 
type of smear in the sixth and seventh decades, 
respectively. If we exclude those individuals 
who had had surgical menopause some years 
prior to our observations, it is clear that the 
atrophic type of smear is observed with greater 
frequency as the age of the patient is increased. 

After the injection of estrogen, smears were 
taken at 12 to 24-hour intervals over periods 
of time ranging from 96 hours to 4 weeks. 

Lag-Time—Lag-time is defined as the time 
elapsing between the administration of a potent 
preparation and the first appreciable change in 
the vaginal smear. Follicular reaction was re- 
corded in grades represented by 0 to 4 plus; 
cornified cells ranging from approximately 10 
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TABLE 1. NATURE AND AMOUNTS OF ESTROGENS ADMINISTERED. 















































Amount Number of Cases in Each Age Group 
Drug (in Mg.) - —— : a 
40-49 | 50-59 | 60-69 | 70-85 | Total 
1. Estradiol in sesame oil 1.0 3 1 — 4 
2.0 1 1 — 1 3 
3.0 = 2 1 — 3 
Estradiol in propylene glycol 1.0 — 3 i — 4 
2.0 —_— 3 — 1 + 
Estradiol in aqueous suspension 0.5 3 4 1 - 8 
1.0 5 2 2 — 9 
2. Estradiol dipropionate in sesame oil 1.0 6 | 5 | 4 | 10 : 
20 | — | 1 2 | 4 4 
5.0 4 6 2 _— 12 
3. Estradiol benzoate in peanut oil | 1.0 — — 11 1 } 12 
Estradiol benzoate in propylene glycol 1.0 — | 5 2 — 7 
2.0 trea 8g — | 4 
Estradiol benzoate (1 mg.) and estradiol | 
(1 mg.) in sesame oil 2.0 2 | 1 = 1 | 4 ) 
Estradiol benzoate (1 mg.) and estradiol | | | 
(0.5 mg.) in propylene glycol 1.5 — | 3 | 1 | — 4 } 
Estradiol benzoate (2 mg.) and estradiol | | | | 
(1 mg.) in propylene glycol 3.0 — | 3 ; o— — 3 
4. Estrone in aqueous suspension 1.0 —_ 2 _ — 2 
20 | 3 4 1 — 8 
40 | 6 8 — 16 | 
ie = f 
5. Estradiol cyclopentyl-propionate in se- | 1.0 _-— — 1 — 1 
same oil z5 | — — 1 — 1 
ae 1 ie _ 1 
5.0 5 5 1 — i1 
Total — | 39 61 35 | 15 | 150 
to 25 per cent of the total number of cells in follicular reaction in all instances. In 100 sub- 


the smear, constituted a 1 plus reaction; 25 to 
50 per cent, a 2 plus reaction; 50 to 75 per cent, 
a 3 plus reaction; and 75 per cent or more, a 
4 plus reaction. 

Changes which could not be graded were an 
increase in the clarity of the smear, a decrease 
in the number of leucocytes, and changes from 
the immature or basal type of cells to the more 
advanced or superficial types. Such changes 
were observed in the majority of smears fol- 
lowing the administration of the estrogenic 
material and preceded the development of the 


jects the range of lag-time was from 24 to 180 
hours; the average period elapsing between 
injection and a graded stimulation of the 
vaginal epithelium was 97 hours. The range 
and average lag time for each age group is 
given in table 3 (fig. 1). It will be noted that 
there is no correlation between age of patient 
and lag-time nor between size of the dose ad- 
ministered and the development of a graded 
stimulation of the vaginal epithelium. Individ- | 
ual records show that age in relation to lag- | 


time is a variable factor. 
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TABLE 2. TYPES OF VAGINAL SMEARS OBSERVED IN 150 SUBJECTS OF VARYING AGES. 
Number of Cases in Each Age Group! 
Smear Type as | os om ’ Total 
40-49 50-59 60-69 70-85 

Premenstrual 14(36) 16(26) 6(17) — 36(24) 
Pseudoleucopenic 4(10) | 17(28) 8(23) ae 29(19) 
Intermediate 9(24) | 12(20) | 8(23) 2(13) 31(21) 
Mucus 4(10) 5(8) 4(11) 5(33) 18(12) 
Atrophic 8(20)? 11(18)3 9(26) 8(54) 36(24) 
Total | 39(26) 61(41) 35(23) 15(10) 150(100) 


1 Numbers in parentheses denote percentage of the corresponding group. 
2 Of these 8 subjects showing control smears classified as the atrophic type, 4 had had hysterectomies with 
bilateral salpingo-oophorectomies from 7 to 10 years before these observations were made. 

3 Of these 11 subjects, one had had the above type of surgery 18 years before these observations were made. 


Chi-Square Values: 

No significant differences were shown to exist among the first 3 age groups in relation to the ratio of pre- 
menstrual to atrophic smears observed. 

Differences of statistical significance exist between the eldest age group and the 40 to 49 and 50 to 59 year 
old groups, Chi-square values being 10.8 and 5.7, respectively, but are not found between the 60 to 69 and the 70 


to 85 year old groups. 
When the two younger groups are tested against the two older groups, a difference with a Chi-square value 


of 9.1 is observed. 
In these computations a value for Chi-square above 3.8 was found to have a statistical significance within 


the 5 per cent level of confidence. 


TABLE 3. LAG-TIME AND DURATION OF FOLLICULAR REACTION FOLLOWING A SINGLE INJECTION OF ESTROGEN. 


Dose 0.5—1.5 Mg. 2—3 Mg. 4—5 Mg. 
rn Lae-Ti Duration of | , Lac-Ti Duration of | , I i Duration of 
g ag-Time . 8 _ag-Time : ag-Time ie 
a | § a iaiaoes Action gy ag Action g ag Action 
3 6 | % g 
S) O O O 
2 ee et eee = eee) ee : 
c4 — vo ) 4 Vv v ome cs) 3) e 
~ fo) oa ' 2 ,) ! 2 iS) oh ae oh } & & i) 7) ii & oh j= 
2 ‘ = o oo = oo} | S of) <¢ |g! . S oO = oe 
+ 6 ce |28 S 93| 6 =| 2s 5 | Sal lS =| Ys = 2 
< |Z = = xz a 7, z = ~ a A ~ 2 xy = 


40-49 | 15 | 48-168 | 93 | 24-159 | 83 | 72-120 | 100 | 24-204! | 104 | 9 | 24-144 | 88 | 72-456! | 242 
50-59 | 14 | 48-144 | 95 | 24-192 | 102 | 15 | 53-180 | 110 | 24-204! 109 | 15 | 42-168 | 97 | 84-480! | 228 
60-69 | 13 | 48-132 | 99 | 24-138 86 4 | 72-108 83 | 60-204! | 155 5 | 42-144 | 95 | 72-480 | 224 
70-85 inone —_ — — — 4 | 77-180 | 107 | 12-200! 99 |none — — — 


a 


! Follicular reaction persisting at time of discharge or last clinic attendance. 


Duration of Effect-——Because the follicular hormone of the corpus luteum, the end-point 
reaction in postmenopausal women does not of follicular reaction is here defined not as a 
culminate in an ovulatory peak which is follow- return to the control type of smear but as a 
ed by a succession of changes attributed to the return to a smear in which there is no evidence 
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NO.OF AGE 1 
200} CASES GROUP 
[30] 40-49 
1eor Ha 50-59 
160} 60-69 
tao} 70-89 
2 '29 
3 100} 
* sot 
60} 
40} 
20+ 
o 0.5-1.5 MG. 2-3 MG. 4-5 MG. 
DOSE 
Fic. 1. Lag-Time 


of cornification and, in smears of the pseudo- 
leucopenic type, an increase in the number of 
leucocytes as well. 

The duration, in hours, of the follicular re- 
action at the dosage levels indicated was: 0.5 
through 1.5 mg., 24 to 192 hours; 2 and 3 mg., 
24 to 204 hours; and 4 and 5 mg., 72 to 480 














hours. From table 3 (fig. 2) it is clear that 
240- NO.OF AGE 
oad CASES GROUP —_ 
[30] 40-49 = 
200° am 50-59 = 
180; E224 60-69 ji 
eo Za 70-89 — 
140) — 
” — 
= \20} = 
3 100} — 
80} Y = 
60} = 
4o} = 
a = 
0.5-1.5 MG. 2-3 MG. 4-5 MG. 
DOSE 
Fic. 2. Duration of Action 


the size of an effective dose varies directly as 
the duration of action. In other words, the 
larger the dose the longer the response will 
last. Again individual records show that age 
in relation to the duration of action is a vari- 
able factor. 

Intensity of Effect—No appreciable change 
in the vaginal smears occurred in 33 per cent 
(45/150) of the subjects studied. Follicular 
reactions which could not be graded occurred 
in 18 per cent (7/39) of the 40 to 49 year old 
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group, in 27 per cent (15/61) of the 50 to 
59 year old group, in 35 per cent (12/35) of 
the 60 to 69 year old group, and in 73 per 
cent (11/15) of subjects in the eighth and 
ninth decades. The degree of follicular reac. 
tion according to age group is given in table 4 











(fig. 3). Within certain limits, an inverse re- 
100 
NO. OF AGE 
CASES GROUP 
a 8° 39] 40-49 
3 50-59 
S F3s4 60-69 
= 70-89 
% Z Ay) 
= y 
= *° g 
Oo 
io g 
20F Z 
Z 
° + ++ +++ +++4 
DEGREE OF REACTION 
Fic. 3. Degree of Follicular Response 


lationship seems to exist between the age of 
the patient and the degree of follicular reaction 
stimulated by the injection of estrogenic prep- 
arations. 

From an inspection of table 4, it is apparent 
that when each of the three younger age groups 
is compared with the 70 to 89 year old 
this inverse relationship between the age of 
the patient and the degree of follicular reaction 
exists at the lowest range of dosage (0.5 to 
1.5 mg.) employed. 
do any striking differences appear. 

Since the number of subjects in any age 
group who showed a graded follicular reaction 


group, 


At no other dosage level 


is small, it has been necessary to group those 
subjects without reaction and those with a 
positive reaction, irrespective of degree, in 
order to test statistically for significant differ- 
ences. On this basis it was confirmed that there 
were no significant differences in connection 
with age to be found in the groups receiving 
the 2 and 3 mg. and the 4 and 5 mg. doses of 
estrogen. 

In relation to dosages between 0.5 and 1.5 
mg., there was a significant difference in the 


— 





number of graded follicular reactions obtained } 


in subjects in each decade from 40 to 69 years 
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TaBLE 4. DEGREE OF FOLLICULAR REACTION OBSERVED IN THE VAGINAL SMEARS ACCORDING TO AGE GROUP. 























Follicular Reaction None 1+ 2+ 34+ 4+ Total 
Age 
Group Dose 
40-49 0.5-1.5 mg. Z 6 7 2 1 ~ 
2-3 mg. 1 1 3 Fs - — 
4-5 mg. 4 5 *S - - _ 
No. of Cases 7 12 15 4 1 39 
50-59 0.5-1.5 mg. 10 10 1 3 - - 
2-3 mg 3 9 2 2 2 as 
4-5 mg 2 8 5 3 1 — 
No. of Cases 15 27 | 8 8 3 61 
60-69 0.5-1.5 mg. 9 8 3 2 1 
2-3 mg 3 2 Z —_— 
4-5 mg _— 3 1 — 1 — 
No. of Cases 12 13 6 2 2 35 
70-85 0.5-1.5 mg. 11 — — — 
2-3 mg. — 1 — _ 
4—5 mg. = -- — — ~ - 
No. of Cases 11 3 1 — | 15 


Chi-Square Values: 

At the dosage level of 0.5 to 1.5 mg. differences of statistical significance exist between the eldest age group 
and the 40 to 49, 50 to 59, and 60 to 69 year old groups, as represented by Chi-square values of 18.0, 7.2, and 
7.9, respectively. 

A significant difference exists between the 40 to 49 year old group and subjects in the sixth and seventh 
decades when the latter are grouped as one, as represented by the Chi-square value of 3.9. 

In these computations a value for Chi-square above 3.8 was found to have a statistical significance within 
the 5 per cent level of confidence. 


and in the 70 to 89 year old group. There was able characteristic of these studies. The actual 
also a significant difference between the num- number of subjects in any age group on a par- 
ber of subjects in the 4o to 49 year old group ticular dosage of a specific preparation is so 
showing a positive reaction and the number so small a figure that for the purposes of the pres- 
responding in the following two decades, when nt study no conclusions as to the relative 
the latter were treated as a group. Chi-square effectiveness of one or another preparation may 
values for these difference are given at the foot : 
of table 4. 
There is no evidence that the specific type SUMMARY 

of estrogen used was a factor in the relation- 

ship of lag-time or duration of action or in- 1. The vaginal smears of 150 postmenopausal 
tensity of follicular reaction. Marked variabil- women were serially examined to establish 
ity in the individual case record has been a not- the correlation between size of dose, age of 


be drawn. 
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2. 


4. 


5. 


subject, intensity of effect, duration of ac- 
tion, and lag-time. 

Vaginal smears were obtained prior to in- 
jection and at 12 to 24-hour intervals fol- 
lowing the administration of a single dose 
of estrogenic material. Periods of observa- 
tion ranged from 96 hours to 4 weeks. 

Tn 100 cases the range of lag-time was from 
24 to 180 hours. Neither the age of the 
individual nor the amount of hormone ad- 
ministered was apparently a factor. 

The range of duration of follicular reac- 
tion varied from 24 to 480 hours. In gen- 
eral, higher doses produced alterations of 
longer duration in the vaginal epithelium. 
The age of the subject was apparently not 
a factor in the duration of response. 

An inverse relation between ihe age of the 
individual and the height of follicular reac- 
tion was shown to exist. The amount of 
hormone injected did not alter the inverse 
relation between age and intensity of effect. 
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Urinary Stress Incontinence in the Female 


ROBERT LICH, JR. 


vesical disturbance to which I refer is 

incontinence accompanying periods of in- 
creased intravesical pressure (i.e., straining, 
laughing, sneezing, coughing, etc.) and unasso- 
ciated with intrinsic neurogenic or inflamma- 
tory disease of the bladder. The condition is 
most often initiated as a mild, 
bladder leakage and is sufficiently infrequent 
so that the patient is more embarrassed than 
Gradually the condition demands of 


occasional 


alarmed. 
this otherwise normal woman a restriction of 
her social activities. 

The patient may seek medical assistance or 
more frequently, as has been our experience, 
ask a similarly afflicted friend, who reports a 
indifference by the consulted 
physician, failure of estrogens, or even failure 
of surgical therapy. As a result the newly 
afflicted patient proceeds in quiet concern for 


discouraging 


an indefinite period with a progression of 
symptoms until, as we have seen on occasion, 
almost total urinary incontinence develops. 

These unfortunate women can be helped and 
are entitled to intelligent guidance. In this 
communication the anatomic factors accom- 
panying female stress incontinence will be pre- 
sented, the operative technique set forth, and 
the results in 42 patients operated on reported. 

The cause of urinary stress incontinence in 
the female is a ptosis of the vesical neck which 
is most often associated with the following con- 
ditions: 1) Menopause, 2) Post-hysterectomy, 
3) Post-parturition (usually after a lapse of 
a few years), 4) Trauma (for instance, the 
repeated trauma associated with severe asthma 
over a period of years). 


ANATOMIC CONSIDERATION 


The base of the female urinary bladder and 
urethra are held in position by definite fascial 
structures of the pelvic diaphragm (fig. 1). 








FIGuRE I 


This layer of endopelvic fascia (1) is attached 
laterally to the arcus tendineus of the pelvis and 
forms the superior covering of the levator ani 
muscles. The fascia, with the levator muscles, 
dips downward and medially from each side 
like a pair of hands uniting in a median raphe. 
The raphe extends from the pubic symphysis 
to the tip of the coccyx and is pierced in the 
female by the vagina and rectum. 
in the wedge between the pubic bones, it merges 
with the superior layer of the triangular liga- 
ment and is pierced by the urethra. 


Anteriorly, 


The superior layer of pelvic diaphragmatic 
fascia forms a hammock-like support to the 
base and neck of the bladder and this specific 
portion has been termed “pubo-vesico-cervical 
fascia.” This structure is the chief support of 
the urethra and bladder base ; when it is torn or 
weakened, ptosis of the vesical neck occurs (6). 
Stress incontinence is always accompanied by a 
ptosis of the vesical neck. On the other hand, 
the normal bladder never exhibits such mobil- 
ity during period of increased intra-abdominal 
pressure but remains in the shape of an oblate 
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spheroid, becoming slightly flattened and the 
neck descending no more than % inch. 

It is quite apparent that the sphincter mus- 
culature alone is not capable of keeping the 
urethra closed during periods of great intra- 
vesical pressure. It can be shown by oblique 
or lateral cystograms taken while a patient with 
stress incontinence is straining that a wedge 
of dye enters the proximal urethra even before 
urinary leakage occurs. From the physical 
laws of pressure one can readily understand 
why such a sphincteric mechanism could not 
remain closed. The hydraulic wedge effect of 
the urine causes pressure to be applied over a 
relatively large area on the inner aspect of the 
sphincter muscle so that the total force avail- 
able to open the sphincter is greatly multiplied. 

The selection of patients for surgical correc- 
tion of stress incontinence must be made after 
extensive urologic study, cysto- 
urethroscopy, upper urinary tract visualization, 
and cystometry. Neurologic causes for vesical 
dysfunction are eliminated and intrinsic vesical 
and urethral pathology ruled out. The patient 
is tested for continence by having her cough 
vigorously after the bladder has been filled to 
capacity with sterile water. If leakage occurs, 
two fingers are introduced into the vagina, re- 
placing the vesical neck to its normal position 
by manual vaginal pressure. If continence is 
restored during the cough, this suggests the 
presence of true stress incontinence. It is im- 
portant that this test be made with a full 
bladder. Also the fingers should be placed on 
either side lateral to the midline and should 
merely elevate the vesical neck, not compress 
the urethra. 


including 


The diagnosis of true stress incontinence is 
further verified by cystograms made while the 
patient is relaxed and during voluntary strain- 
The strain- 
ing film demonstrates the bladder neck to 
descend from 34 to 2 inches. 


ing of the abdominal musculature. 


If the studies indicate vesical neck ptosis to 
be the cause of the incontinence and if no in- 
flammatory or neurologic vesical disease is 
present, the patient may be assured of relief 
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following fixation of the ptotic vesical neck 
to its normal position. 


SurGICAL TECHNIQUE 


The essential feature of a successful surgical 
approach to vesical neck ptosis is the construc- 
tion of a lasting support for the vesical neck 
area. This support must hold the bladder neck 
in its normal position even during periods of 
great abdominal stress. 
best done by underrunning the bladder neck 
with a fascial sling. The high rate of failure 
of vaginal procedures (8) designed to correct 
stress incontinence is undoubtedly caused by 
the difficulty of forming a strong, lasting sup- 


Mechanically this is 


port to the vesical neck, especially in instances 
where the fascia is deficient in the midline area, 
or where it has been destroyed by previous sur- 
gery. 

The method of construction and attachment 
of the fascial sling is of secondary importance. 
Equally good results may be attained by utiliz- 
ing the general technique of Goebell-Stoeckel- 
Frangenheim (2, 3, 7) .or that of Millin (5). 
The important feature is the construction of 
a securely attached, sufficiently wide sling, 
which elevates and secures the bladder neck 
permanently into its normal position. 

The operation performed by Millin’s method 
is as follows: 

The bladder is emptied by a No. 18 French 
Foley catheter provided with a 5cc. bag which 
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FIGURE 3 


is used for postoperative drainage. After prep- 
aration, a 5 inch transverse incision is made I 
inch above the superior edge of the pubis and is 
carried down to the external aponeurosis (fig. 
2). Two straps are then fashioned from the 
rectus and external oblique aponeurosis (fig. 2), 
being left attached at their lateral aspects (fig. 
3). It is important to have these straps at least 
Icm. wide. The rectus muscles are then sep- 
arated in the midline and the retropubic space 
entered. The urethral catheter is palpated and 
the vesical neck area identified by the catheter 
bag. A Millin retractor is inserted and by care- 
ful sponge dissection, the lateral fossae of the 
urethral area opened. At this point the urethra 
with its inlying catheter is grasped by a long 
The urethra is underrun at 
its junction with the bladder, using a Mixter 


Babcock forceps. 


clamp or an aneurysm needle (fig. 4). 

When, as is common, one or more previous 
anterior colporrhaphies have been performed, 
there may be rather dense adhesions between 
the vagina and bladder, but the dissection has 
not been difficult in spite of this. 
line there is invariably a firm connection be- 


In the mid- 


tween the vagina and urethra, and this must 
be forcibly pierced. A long piece of heavy silk 
is then doubled, grasped by the forceps, and 
drawn through this tunnel. The suture is 
divided at the mid-point and each piece at- 
tached to one of the straps at the free end, 
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FIGURE 4 


after threading the strap under the lateral 
Traction on the 
silk draws the fascial straps through the tunnel 
and the tension is adjusted after loosening the 
Millin retractor. 
sufficient to elevate the vesical neck to its nor- 


border of the rectus muscle. 


The tension should be just 


mal position, and no kinking of the urethra 
should be observed. Usually the bladder is al- 
most in its normal position when the patient 
is anesthetized and in mild Trendelenburg po- 
sition, and only sufficient tension to keep it 
there is necessary. 

The straps are secured one to the other with 
3 or 4 silk suusres at each side (fig. 5). A 
rubber tissue drain is then laid to the space of 





FIGURE 5 
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Retzius and the fascial borders approximated. 
There is moderate but not excessive tension on 
the suture line and closure is facilitated by 
jack-knifing the patient. The skin is then closed 
and a dressing applied. The catheter is con- 
nected to bedside bottle drainage and is left in 
place five days. The rubber tissue drain is re- 
moved on the third day after operation. 
RESULTS 

Forty-one women have been operated on. 
Twenty-nine of these patients had from one to 
three previous unsuccessful vaginal operations 
for stress incontinence. The incontinence fol- 
lowed childbirth in 10 instances, occurred spon- 
taneously after the menopause in 6, and in 15 
instances following hysterectomy. All the pa- 
tients had been incontinent for at least two 
years and 2 for more than sixteen years. The 
urinary leakage in all patients was profuse and 
incapacitating. Preoperative cystography dem- 
cnstrated the typical vesical neck ptosis during 
stress. 

The follow-up period has been from eight 
weeks to three and a half years and the post- 
operative films have revealed normal fixation 
of the bladder neck during stress in every in- 
stance. The results have been excellent in 40 
patients. None of these patients have experi- 
enced postoperative urinary incontinence at 
any time, even during periods of severe exer- 
tion. There have heen no complications, no 
significant wound infections, no osteitis pubis, 
no residual urine, and no urinary infection. 

Failure occured in one patient and this was 
the first of the series. This patient was a 47 
year old housewife, who had become incontin- 
ent fifteen years previously, following child- 
birth. She had had three previous vaginal 
operations of the Kelly (4) plication type for 
her stress incontinence and all had _ failed. 
There was only 1 cm. of urethra left and the 
anterior vaginal wall was extensively scarred. 
A Millin operation was performed with a per- 
fect result, complete continence being restored. 

On the fortieth day following surgery, she 
lifted a heavy coal scuttle and stated, “I felt 


something break in the abdomen.” This was 
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immediately followed by a leakage of urine and 
her stress incontinence has been present ever 
since. It was apparent from pelvic examina- 
tion that the sling had broken and the bladder 
neck ptosis recurred; this was confirmed by 
cystography. In retrospect it was remembered 
that the straps had been prepared only % inch 
wide, and we believe this to be the cause of 
breakage. 

This patient demonstrated most vividly: that 
a normally placed bladder is essential for nor- 
mal sphincteric activity. When the support was 
disrupted, her initial urinary stress incontin- 
ence was immediately re-established and has 
continued to date. 


SUMMARY 


The subject of urinary stress incontinence is 
discussed from the standpoint of etiology and 
diagnosis. The rationale and details of surgi- 
cal correction are presented. The results in 
41 patients are analyzed. 
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The Attitudes of the Aged Towards the Older 


Worker; for Institutionalized and 
Noninstitutionalized Adults 


JACOB TUCKMAN AND IRVING LORGE 


I a previous study (1) a questionnaire was 

developed to measure attitudes towards the 
older worker. The questionnaire consisted of 
51 statements which required a yes or no an- 
swer. Some of these statements covered phys- 
ical changes with age; others covered mental 
decline ; still others covered resistance to new 
ideas and procedures, reaction to criticism, at- 
titudes towards retirement, and so on. Some 
of these statements, especially those dealing 
with physical changes with age, are based on 
experimental evidence since it has been well 
established that the individual does slow up 
physically as he grows older. However, the 
majority of the statements in the questionnaire 
are beliefs, generalizations, and complaints 
which reflect a body of opinion that the job 
performance of the older worker is character- 
ized by loss of efficiency because of decline in 
physical and mental powers, loss of skill, and 
increasing rigidity of personality. 

This questionnaire was given to 147 gradu- 
ate students (92 men and 55 women) ranging 
in age from 20 to 51 years. It was found that 
these students agreed to a considerable extent 
with the beliefs and erroneous notions about 
the older worker despite the fact that they 
were well acquainted with the psychology of 
individual differences and were sufficiently in- 
terested in the aging process to enroll in a 
course on the psychology of the adult. There 
were differences in the responses of men and 
women to individual statements and to the 
questionnaire as a whole, but there were no 
differences due to the age of the respondents. 

The purpose of this study is to compare the 
responses to the same questionnaire of 3 
groups of older age subjects similar in age 
distribution but presumably differing in their 
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ability to function in the community. The first 
was a group living in the community. The 
second was a group living in an apartment 
house which represents a more sheltered en- 
vironment than community living but less 
sheltered than an institution for the aged. The 
third was a group living in an institution for 
the aged. In comparing the performance of 
these 3 groups the hypothesis was formulated 
that there was a direct relationship between 
the degree of agreement with the beliefs about 
the older worker and the extent to which the 
groups are able to function in the community. 

The group living in the community consisted 
of 21 subjects (11 men and 10 women). 
Three-fourths of the group were widowed or 
single and living in furnished rooms; 85 per 
cent were receiving some type of public assist- 
ance. During the day they attended the Wil- 
liam Hodson Community Center, a day center 
where older men and women come together for 
recreational, social, and educational activities. 
The subjects ranged in age from 60 to 80 years 
with a mean age of 71.8 years. None of the 
group was in the labor market. Occupations 
in which they had been engaged prior to retire- 
ment were primarily in unskilled, semi-skilled, 
and low level sales jobs and in small businesses. 
The educational background ranged from no 
schooling to college graduation with a median 
of 8 years of schooling. 

The second group consisted of 19 subjects 
(5 men and 14 women) living in an apartment 
house under the jurisdiction of The Home 
for Aged and Infirm Hebrews of New York. 
These subjects had to meet the same eligibil- 
ity requirements as residents of the traditional 
type of institution for the aged. However, 
they were permitted to live in the apartment 
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house rather than the more formal institution 
because they were considered by the institu- 
tional authorities to be physically and psycho- 
logically healthier than residents of the tradi- 
tional type of institution. The apartment house 
does not carry the stigma or the restrictions in 


activity of an old age home. The subjects 
ranged in age from 65 to 84 years with a 
mean age of 74.5 years. The educational and 
socio-economic background of these subjects 
was much superior to the other groups in this 
study. The educational background ranged 
from no schooling to college graduation with 
a median of 12 years of schooling. The occu- 
pations pursued prior to retirement were in 
the professional, semi-professional, and high 
level clerical occupations. 

The third group consisted of 48 subjects 
(29 men and 19 women) living in two differ- 
ent institutions under the auspices of The 
Home for Aged and Infirm Hebrews. In the 
first institution there were 21 subjects whose 
average stay of institutionalization was three 
months; in the other there were 27 subjects 
whose average stay of institutionalization was 
five and a half years. The age range, previous 
education, and occupational background were 
similar in the 2 sub-groups. The combined 
group ranged in age from 61 to 88 years with 
a mean age of 76.3 years. The educational 
background ranged from no schooling to col- 
lege graduation with a median of 9 years of 
schooling. The occupations in which the sub- 
jects had been engaged were primarily in sales 
occupations and in small business ventures but 
also included professional, skilled, and semi- 
skilled occupations. 

None of the groups in this study represents 
an adequate cross section of older age individ- 
uals living in the community or in institutions. 
All were volunteers who were required to have 
a sufficient knowledge of English, adequate 
hearing, vision, and health to fill out a written 
questionnaire in a group session. In view of 
the fact that the same criteria were employed 
in selecting each of the groups it is not unrea- 
sonable to compare their responses on the 
questionnaire. The age distribution was similar 
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in all groups. The community and institution- 
alized groups were fairly well equated for 
education and socio-economic status but the 
apartment house population was decidedly 
superior in these respects to the other groups, 

The Older Worker questionnaire was ad- 
ministered to each of the groups in group ses- 
sions. The average time required to complete 
the questionnaire was about 15 minutes with a 
range of 5 to 40 minutes. In each of the 
groups there were a number of women who, 
although they answered the questionnaire, were 
reluctant to do so, because they had never 
been in the labor market and therefore believed 
that they did not understand questions pertain- 
ing to employment conditions. The mean num- 
ber of yes responses and the standard deviation 
for community, apartment house, and the 2 
sub-groups of the institutionalized population 
are presented in table 1. 


TABLE 1. MEAN NuMBER OF YES RESPONSES AND 
STANDARD DEVIATION FOR COMMUNITY, APARTMENT 
HOwusE, AND INSTITUTIONALIZED GRouPS ON OLDER 
WORKER QUESTIONNAIRE. 








| N = 








Group S. D. 

Community | 21 | 18.9 | 11.6 
Apartment House | 15.9 1 5 
Combined Institutionalized 48 | 28.3 | 11.3 
Institutionalized (3 months) 21 | 28.3 | 11.9 
Institutionalized (51% years) 27 | 28.4 | 10.9 





The data presented in table 1 indicate that 
the institutionalized populations tend to accept 
to a greater extent the beliefs about the older 
worker than the community or apartment house 
groups. The difference in the mean number 
of yes responses between community and insti- 
tution and between apartment house and insti- 
tution groups are significant at the 1 per cent 
level of confidence. The apartment house 
group tends to accept less the beliefs about the 
older worker than the community group but 
the difference is not statistically significant. 
The fact that the responses to the question- 
naire do not differentiate community and apart- 
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ATTITUDES OF AGED TOW ARDS OLDER WORKERS 





ment louse groups may be due to differences 
in educational and occupational background 
and in socio-economic status, or it may be that 
the apartment house group, with the support 
that it is receiving through institutional protec- 
tion, may in reality be functioning as well as 
the community group. Since there is no sig- 
nificant difference between community and 
apartment house groups, they will be treated 
as one group, which will be considered the non- 
institutionalized group. Since the means are 
almost identical for the 2 sub-groups of the 
institutionalized population, they will be com- 
bined to make up the group considered as the 
institutionalized population. 

An analysis of the questionnaire was: made 
to identify those statements which differentiate 
the noninstitutionalized and_institutionalized 
groups. In comparing the 2 groups the an- 
alysis indicates that 49 of the 51 statements 
in the questionnaire show a higher proportion 
of agreens2znt for the institutionalized popula- 
tion, and of these 32 are significantly higher. 

The 51 statements in the questionnaire were 
classified into the following 9 categories : Phys- 
ical Change, Mental Decline, Resistance to 
New, Reaction to Criticism, Keeping Youth 
Down, Employer Attitudes - Costs, Waiting 
for Retirement, Interpersonal, and Jobs. All 
of the statements in the Resistance to New 
category, 80 per cent of the statements in 
Waiting for Retirement, 75 per cent in Mental 
Decline, 67 per cent in Reaction to Criticism, 
63 per cent in Physical, 55 per cent in Inter- 
personal, 50 per cent in Jobs, 40 per cent in 
Keeping Youth Down, and 20 per cent of the 
statements in Employer Attitudes - Costs show 
significant differences between the 2 groups. 
The categories Resistance to New and Waiting 
for Retirement seem to differentiate the 2 
groups better than Keeping Youth Down and 
Employer Attitudes - Costs. These findings 
should be interpreted with caution because of 
the small number of statements within the 
different categories. 

The 32 statements showing a significant 
difference between the noninstitutionalized 
and institutionalized populations, under the 9 
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categories into which they had been classified, 
are presented in table 2. The mean percentage 
of agreement with these statements and with 
the total number of statements within each of 
the g categories for the institutionalized 
and noninstitutionalized groups are also given. 


The data do not fully support the hypothesis 
that as individuals become less able to function 
they subscribe more to the beliefs and miscon- 
ceptions about the older worker. No differ- 
ences were found between community and 
apartment house or between short-term and 
long-term institutionalized groups. However 
the hypothesis is supported when any other 
meaningful comparison between the groups is 
made. There are significant differences be- 
tween community and institutionalized and 
between apartment house and institutionalized 
gioups. If the noninstitutionalized population, 
i.e., community and apartment house, is com- 
pared with the institutionalized population, i.e., 
short-term and long-term institution, the dif- 
ference is significant. If the apartment house 
and institutionalized groups are combined into 
one group, the difference between this group 
and the community group is also significant. 

It would seem that the institutionalized pop- 
ulation subscribes to a greater extent to the 
beliefs about the older worker—beliefs which 
are valid only for the older worker who is no 
longer able to function effectively on the job— 
than the noninstitutionalized group because 
they recognize to a greater extent their own 
inadequacies in coping with employment and 
with problems of day-to-day living. The data 
suggest that the individual who subscribes to 
the beliefs that the older worker fails in 
emergencies, fails to keep up with changing 
methods of work, is more interested in security 
than job advancement, is slow to catch new 
ideas, cannot supervise others well, looks to 
the past, cannot listen to other people’s com- 
statements 
noninstitutionalized 


plaints without getting irritated 
the 





differentiate 
and institutionalized groups at the .oor level— 


which 


does so because this is indicative of the con- 
cept he has of himself and his adjustment. 
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TABLE 2, STATEMENTS, BY CATEGORY, SHOWING A SIGNIFICANT DIFFERENCE BETWEEN NONINSTITUTIONALIZED 


























AND INSTITUTIONALIZED Group’ PS, TABI 
! Group iw 
Category Statement 1 2 
Noninstitu- | Institu- Signifi- 
' tionalized | tionalized | cance of 
N = 40 N = 48 | Difference 
% % 
PHYSICAL 2. They are slow 60 81 | . S cin 
(8 statements) 7. They have a high rate of absenteeism 28 | 54 | - | JOB 
| 26. They have accidents often 35 | 56 | * (2 
| 27. They get occupational diseases more often 23 48 - 
| 39. They take longer in getting over illness 65 | 88 | - 
| | — 
| Mean of significant statements 42 65 | | RE: 
Mean of all statements in PHYSICAL 50 70 "@ 
———j @ 
INTERPERSONAL | 18. They are unable to smooth out disagreements | | 
(7 statements) between other workers 30 50 ° 
| 40. They are critical of their fellow workers 23 | 52 a 
| 44, They are suspicious of other workers | 28 | 48 ° 
| 49. They cannot listen to other people’s complaints | shoe 
| without getting irritated | 35 | 75 | ” EM 
? 
| Mean of significant statements 29 | 56 | (5 
Mean of all statements in INTERPERSONAL | 30 52 
MENTAL | 1. Older workers fail in emergencies | 20 | 60 + —_ 
(12 statenents) | 6. They are unsure of themselves | 33 | 60 ” WA 
| 8. They are in a rut 20 44 ” R 
| 9, They make many errors | 35 56 ss (5 
| 10. They get rattled wher rushed 60 83 — 
| 14. They show poor judgment 15 ao ” 
| 35. They need more time to learn new operations | 60 &8 ” 
41. They are slow to catch new ideas | 30 77 mn 
| 45, They are mentally unable to keep up with the | 
| job | 202 «|~S 48 * 
} } 
Mean of significant statements | 33 | 61 | — 
Mean of all statements in MENTAL | 34 57 | KE] 
| ‘ia D 
' RESISTANCE TO | 5. They fail to keep up with changing methods of (5 
NEW work | 33 65 | _ 
(4 statements) | 38. They resist new ways of doing things 33 | 58 _ 
| 42. They are suspicious of labor saving machines | 28 | 65 | sis 
| 43. They look to the past 53 88 
| | —_ 
| Mean of significant statements 37 69 | 
| Mean of all statements in RESISTANCE TO NEW| 37 69 i 





* Significant at .05 level. 
** Significant at .01 level. 
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)N ALIZED 
TABLE 2. STATEMENTS, BY CATEGORY, SHOWING A SIGNIFICANT DIFFERENCE BETWEEN NONINSTITUTIONALIZED 
—— AND INSTITUTIONALIZED Groups—Continued. 
sat l Group 
Signifi- | Category Statement 1 2 
cance of | Noninstitu- | Institu- Signifi- 
i fference tionalized | tionalized | cance of 
N = 40 N = 48 | Difference 
| Te % 
* j ena, re a?) i ee 
= | JOBS 50. They quit jobs frequently 15 35 * 
: (2 statements) | 
sd Mean of significant statements 15 35 
~ 4 | Mean of all statements in JOBS 32 48 
REACTION TO 33. They cannot take criticism without getting 
| CRITICISM | angry. 40 yn 
ee (3 statements) | 37. They dislike to work under younger supervisors 40 | 71 ” 
“ | Mean of significant statements 40 69 
™ | Mean of all statements in REACTION TO CRIT- 
. | ICISM 36 59 
"7 EMPLOYER ATTI-| 25. They increase costs of pensions for employers | 48 71 . 
TUDES—COSTS 
(5 statements) | Mean of significant statements 48 71 | 
| Mean of all statements in EMPLOYER ATTI- 
: TUDES—COSTS 33 43 
* 
bs WAITING FOR 16. They are interested only in putting in their 
™ RETIREMENT | hours | 23 40 | . 
- (5 statements) 17. They have no ambition 33 54 | . 
Va 22. They will not take on additional responsibilities | 35 54 | * 
¥ 29. They are interested more in security than job | | 
x advancement 48 81 aie 
Mean of significant statements 35 57 
- | Mean of all statements in WAITING FOR RE- 
TIREMENT 33 53 
| 
KEEPING YOUTH) 32. They are critical of younger workers 28 54 ae 
Seeeraent DOWN | 47. They keep younger men from getting ahead 8 25 ° 
(5 statements) 
| Mean of significant statements 18 40 
oe, | Mean of all statements in KEEPING YOUTH 
| DOWN 16 28 
** 
* Significant at .05 level. 








** Significant at .01 level. 
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SUMMARY 


The attitudes of institutionalized and non- 
institutionalized adults (60 to 88 years of age) 
towards the older worker were measured by 
their agreement or disagreement with 51 state- 
ments consisting primarily of complaints, be- 
liefs, and erroneous ideas about the older 
workers. Three groups were compared: a 
group living in the community, a group living 
in an institution for the aged, and a group liv- 
ing in an apartment house which serves to 
bridge the gap between community and insti- 
tutional living. 

In general, the data support the hypothesis 
that as individuals become less able to function 
they subscribe more to the beliefs and errone- 
ous ideas about the older worker. Although 
no differences were found between community 
and apartment house groups, or between the 
sub-group institutionalized three months and 
the sub-group institutionalized five and a half 
years, the hypothesis is fully supported when 
any other meaningful comparison between the 
groups is made. 
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The institutionalized group accepts these be- | 
liefs more than community, apartment house, 
or combined community and apartment house 
groups; the combined institution and apart- 
ment house groups accepts them more than 
community. All these differences are statistic. 
ally significant. 

The data suggest that the individual who 
agrees with the complaints and beliefs about 
the older worker does so because this is ii- 
dicative of the concept he has of himself and 
his adjustment. 
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Costs of Chronic Illness 


RAYMOND M. HILLIARD 


A prediction of the future with respect to 
chronic illness can be summarized very 
briefly, namely, that within a relatively few 
years, anything that is said about }chronic ill- 
nesses, whether we deal with the hoot or the 
incidence, or the relative importance of differ- 
ent diseases, will become “dated” and of no 
significance other than for historical records. 
Just as today many young doctors have never 
seen cases of the “killers’”—the epidemic infec- 
tious diseases of 50 years ago—because medi- 
cine and research found ways and means to 
prevent them, so today medicine has initiated 
programs of research which will surely con- 
quer—or “cut down to size”—the “killers” of 
today, namely, the chronic diseases. 

If all the popularized statements about new 
discoveries, new drugs, and new methods, were 
to be believed, everyone in the United States 
would be a completely healthy individual. Un- 
fortunately, this Utopia has not been reached, 
but there are certainly great advances in sight. 
Whereas six years ago it could only be safely 
said that “at least 20% of chronic illnesses 
can he arrested or cured if treated in their 
early stages .. . Medical research will surely 
develop ways to prevent, or treat successfully, 
vastly increased numbers,” (1) today it is 
possible to say that at least 50 per cent of 
chronic illnesses can be arrested or cured if 
discovered and treated in their early stages, 
and even further, that diagnosis can be more 
certain at earlier stages of these diseases than 
was ever possible before. 

Furthermore, rehabilitation every day works 
new miracles, and with prescribed routines, 
proves that the terms “incurable” or “hopeless 
invalids” have but little, if any, validity for 
many, if not most, of those afflicted with 
chronic illnesses. 

So swiftly has our armamentarium for 
diagnosis, for treatment, and for rehabilitation 


_—_—__ 


been strengthened, and so expanded has been 
the support for research, that today one would 
be rash to predict what tomorrow will bring. 

We in the field of the social sciences look 
with admiration and appreciation of the work 
of the scientists in medicine and related physi- 
cal sciences. For ourselves, the social scientists 
—if we may be called that—we have little 
progress to report and hardly better alibis for 
our failures than was the case six years ago. 

Indeed, from the sociologic standpoint, we 
must report the similarity in many ways of the 
handicaps of increasing chronologic age to the 
adverse effects brought about by the chronic 
illnesses. Society has relegated increasing num- 
bers of its old people to the economic and social 
scrap-heap. Discrimination on account of age 
in many cases, from the employment stand- 
point, begins in the forties or fifties with rising 
incidence with increasing chronologic age re- 
gardless of any disease or physical handicap. 
This compares with the fact that the majority 
of chronic diseases have their greatest impact 
in the same age groups. It should be empha- 
sized, however, that there is no connection, and 
there should be none, between these two facts 
and that the similarity is purely coincidental. 
Nevertheless, the handicap of age has become 
as real as many of the physical handicaps. 

I am deliberately and consciously and, I be- 
lieve, correctly adding increasing chronologic 
age, or old age, to the list of physical handi- 
caps. I do this, not only because its effects, 
unfortunately, are the same as that of other 
chronic illnesses with respect to the well-being 
of the individual affected, but also—and more 
important—because we can be certain that if 
we attack the problem as intelligently and with 
as much concentration as have the physical 
scientists, we can earn the right to command 
as much support. Then we may also hope to 
attack the present adverse effects of chrono- 
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logic age and provide for a truly splendid life 
for those who have so richly earned it—our 
senior citizens. 

I am convinced that at all times we must 
keep a proper perspective on all related fac- 
tors of the subject of chronic illness. When 
we are in sight of solving some problems, par- 
ticularly those respecting many of the major 
physical chronic illnesses, we must not sit idly 
by and create new problems, which in their 
effect parallel physical handicaps, most impor- 
tant of which is the handicap of old age. 

For years past I have been convinced that 
the most important approach, both for medical 
and social problems, is for understanding and 
prevention rather than merely for treatment. 
To attack dependency at its source is just as 
sound policy as to aim for prevention, rather 
than merely treatment, of disease. 

It is particularly important for us in the 
social sciences to examine the situation which 
has earned for the medical and physical sciences 
the support and the change in status which 
characterizes their work. Only by emulating 
what has been done in these fields with regard 
to the conquest of chronic diseases can we hope 
to secure equal support and success in our at- 
tack on this social handicap of increased chron- 
ologic age. 

There is much accurate and informative ma- 
terial available in the very recent publication of 
the Federal Security Agency’s Public Health 
Service volume, “Chronic Illness—Digest of 
Selected References” (2). The volume contains 
certain significant facts, which ought to be 
emphasized concerning the costs of chronic ill- 
ness. 

The true cost of chronic illness can only be 
measured by totalling both direct and indirect 
costs. Direct costs are confined to medical and 
related services, or for necessary care in nurs- 
ing homes, hospitals, or special institutions. 


Indirect costs include loss of employment not 
only of the chronic invalid but also of those 
who must stay home to care for the invalid. 
Aside from this loss, there also must be in- 
cluded in indirect cost the social losses which 
“tyranny” 


enter the situation, such as the im- 
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posed on the household in which the chronic 
invalid lives, constituting, as it does, an ab- 
normal living situation. 

Of direct costs, there is evidence that there 
is a higher incidence of chronic illness in rural | 
areas, as contrasted with urban population, 
probably resulting from the higher percentage 
of older age groups and from the poorer medi- 
cal facilities available in rural communities. 

While the 1950 Census will soon reveal more 
accurate and more current figures than are 
presently available, it has been estimated that 
as many as 25,000,000 people have some 
chronic disease and that nearly one million 
deaths and one billion days of disability a year 
can be ascribed to chronic illnesses. 

It is necessary to define what is meant by 
chronic illness and chronic invalidism. In the 
Second Interim Report of the Commission on 
the Care of Chronically Ill Persons, concerning 


care of the chronically ill in Illinois, issued in 


June, 1947, the following definition is given: 


The acute or short-term illness is one which, 
when recovery is completed after a relatively short | 
period of time, does not result in change of normal 
adjustments and ways of living which prevailed | 
for the individual before the onset of the disease. } 
The chronic or long-term illness, in contrast to 
the acute, requires an adjustment of the manner 
of living for the individual for the remainder of 
his life or for a very long period after the chronic 
disease attacks. 

A chronic invalid is a patient whose chronic ill- 
ness is of such severity that his condition requires 
at least the availability of others when need arises; 
occasional or seasonal care from others is generally 
needed; and from such minimum degree of afflic- 
tion the need for care progresses to the point 
where constant attention needs to be available 
either from others in the patient’s own home by 
supplementation to home care by visiting house- 
keeper or visiting nurse service, and in most ad- 
vanced stages by care in special nursing homes 
or institutions. 


It of estimated that between 1.25 per cent | 
and 1.5 per cent of the total population are | 
duesie invalids. 

From the same report, it is noted that 
chronic illness is not a problem of the aged 
alone. It strikes most devastatingly in the 
middle years when persons should be at their 
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prime i11 terms of contribution to the economic 
and social welfare. 

Chronic invalidism is the greatest single 
causative factor (other than great economic 
depressions ) in forcing people onto public as- 
sistance rolls. Assuming that the situation in 
Sangamon County, Illinois, in January, 1947, 
was typical for the State as a whole, 23.2 per 
cent of all public assistance recipients (Old 
Age Pension, Blind Assistance, Aid to Depen- 
dent Children, and General Relief) were 
chronic invalids. Of the aged, 35.6 per cent 
were chronic invalids requiring care from 
others; of the blind, 63.6 per cent; of depen- 
dent children and the adults caring for them, 
5.6 per cent; and of recipients of General 
Relief, 13.8 per cent. 

There are serious social problems in addition 
to the economic and physical care problems 
caused by chronic invalidism. Children may 
have to forego employment to look after 
chronically invalided parents (or the reverse), 
leading often to the loss of their own careers 
or interfering seriously with the supervision 
of their own children. In addition, chronic 
invalidism often leads to physical or emotional 
impairment of those who have to care for the 
invalid in the home. There is a chain-reaction 
effect to chronic invalidism, affecting many 
others besides the actual invalid. 

While the whole field of geriatrics (diseases 
of the aged) and of gerontology (the aging 
process) represents the least known and most 
neglected areas of medical and sociologic sci- 
ence, there is a present awareness of the prob- 
lem and its great significance. 

Public and individual attitudes towards 
chronic invalidism still need thorough revision. 
There seems too often an unwarranted sense 
of shame, tending to concealment of the pres- 
ence of a chronic invalid in the home. This 
concealment, particularly as to a senile parent 
or a palsied child, minimizes the known extent 
of the problem and hinders community plan- 
ning for meeting the problem. 

This attitude, in part, is intensified by the 
fact that there is a great dearth of adequate 
facilities outside the home, either public or 
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private, where care for the chronic invalid 
might be secured, particularly at a reasonable 
cost. This intensifies the feeling that anyone 
who even considers having the invalid cared 
for outside the home (even if only inadequate 
care can be given in the home) is unnatural or 
heartless. 

Even as of today there still are institutions 
with the name of Home for the Incurables. 
What an anachronism and what a tragedy! 
Our institutions, both public and private, must 
completely and convincingly prove that they 
are the centers for hopefulness and for en- 
couragement, both to the individual served and 
for the public today and for the generations 
to come. 

What should be the proper concept of a 
home for the aged? Certainly it should no 
longer exist merely for itself or for those with- 
in its walls. To begin with, it should serve as 
a center for research and be affiliated with 
(even if not directly located at) medical centers 
with all the resources available thereto. The 
main building should house the 
chronic invalids who need much care. 


primarily 


From the central administrative staff there 
should be organized a series of community 
services, if not already available in sufficient 
numbers. This should include apartments, or 
other suitable housing for individuals and 
couples ; it should include a program for foster 
home care; it should arrange for visiting house- 
keeper and visiting nurse service where neces- 
sary and with direct relationship to medical 
and health services, including rehabilitation, 
wherever needed. Counseling and guidance 
are prime essentials—too often not available. 
The home should also serve as a community 
center for the aged, at which all their needs can 
be met. 

It is necessary to remember that our older 
people, just as our younger ones, have emotion- 
al, social, and other needs which must be sat- 
isfied, lest deterioration and hopelessness pre- 
vail. Vacations—and recreation generally— 
are as much essential needs for our old people 
as for those of other age groups. To meet this 
need, 100 old people spend 


almost two 
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weeks at camps outside of New York under 
the auspices of our Day Care Centers for the 
Aged. But instead of 100 on vacation, there 
should be provisions for thousands who would 
benefit from such an opportunity. 

Employment for the aged is not the subject 
of this paper, but attention should be called 
to one program which has been developed by 
the Mayor’s Advisory Committee for the Aged 
in New York City—namely, the recruiting of 
older people in the Civil Defense Program. 
This is cited merely as one way in which the 
abilities and interests of older people may be 
enlisted for the good of the community as well 
as for themselves. 

Parks ought to—but rarely do—develop spe- 
cial programs for the aged. Far too often the 
facilities are monopolized by the young, and 
the old people are needlessly and thoughtlessly 
crowded out. 

Churches ought to be centers which serve not 
only the spiritual needs for the aged but where 
daily activities are carried on to meet their 
social needs. 

Of the Day Care Centers for the Aged in 
New York, at the one which has been longest 
in existence, the Hodson Memorial Center, 
there is an enrollment of more than 800 old 
people and an average daily attendance of 280. 
Each can work at his hobby, and group activi- 
ties, including dancing, are provided and are 
greatly enjoyed. Even marriages of otherwise 
lonely men and women are not uncommon. 

Not only are their lives enriched, but there 
is a direct and definite relationship between at- 
tendance at the Day Care Center and a lessened 
need for medical, psychiatric, and other serv- 
ices. Proponents of the theory of psychoso- 
matic medicine could find ample proof that a 
modest investment in day carv facilities for the 
aged will reduce the incidence and the devasta- 
tion of chronic illnesses. 

Aided by a grant from The Rockefeller 
Foundation, the Mayor’s Advisory Committee 
for the Aged in New York City and the De- 
partment of Welfare have initiated an experi- 
ment which will test an equal number of per- 
sons for whom the doctors’ prognosis is 
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“breakdown, probably requiring institutional- 
ization,” with a like number to be discharged 
from mental institutions, under proper super- 
vision, and all to attend and be compared with 
a similar group who have been in attendance 
for several years at a Day Care Center. It 
is confidently believed that this research proj- 
ect, although only a pilot project at this time, 
will show the way to avoid many cases of 
breakdown, to say nothing of heartbreak or 
of costs. 

All of us know that, with the increasing 
numbers of the aged, the financial costs alone 
for supporting in idleness this ever-growing 
section of our population is a cost which should 
not and cannot be borne only by those em- 
ployed. 

The need for research in the field of the 
aged is imperative and will be richly reward- 
ing. I feel much encouraged that such support 
will be forthcoming. Then, if we work as in- 
telligently and as efficiently as the medical and | 
the physical scientists have done, we can hope 
to remove the blight, the burden, and the handi- 
cap of old age. | 

We must restore usefulness, hopefulness, } 
happiness, and dignity to our older people and 
remove the handicap of chronologic age. 





SUMMARY 


While advance in the medical sciences now 
makes it possible for 50 per cent of chronic 
illnesses to be arrested or cured if discovered 
and treated in their early stages, and rehabili- 
tation every day works new miracles, the social 
sciences have made little progress in preventing 
the relegation of old people to the economic 
scrap-heap. The staggering costs of chronic 
illness are both direct and indirect. Indirect 
costs include loss of employment not only to 
the chronic invalid but to those who must stay | 
home to care for him. Chronic illnesses force 
more people onto public assistance rolls than 
any other single cause except economic depres- 
sions. 

As in medical problems, the most important 
approach to the social sciences must be under | 
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standing and prevention rather than merely 
treatment. Beginning with middle age, the 
handicap of “age” is thrown around employ- 
ment. Apart from functional disorders old 
people <leteriorate because they are unwanted 
and society has not planned for their utiliza- 
tion. A means for preventing the disintegrat- 
ing effects of loneliness and lack of activity 
are day care centers for the aged such as those 
instituted in New York City. 

Churches particularly should see in this pro- 
gram a great opportunity for service. Their 
halls are generally unused when programs for 
the aged would be carried on, and churches are 
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conveniently located, usually in residential 
neighborhoods. Serving unmet and essential 
needs for the aged in their communities, the 
churches also would thus strengthen their own 
influence. 


REFERENCES 


1. Commission on the Care of Chronically Ill Per- 
sons: Second Interim Report Concerning Care of 
the Chronically IIl in Illinois. June, 1947, page 11. 
Federal Security Agency, Public Health Service: 
Chronic Illness—Digest of Selected References. 
Public Health Bibliography Series No. 1, U. S. 
Government Printing Office, Washington, D. C., 
1951. 


to 








Submitted for publication January 18, 1952 
The author’s address is: 
Mr. RaymMonp M. HILLarp 
EXeEcuTIVE Director, WELFARE AND HEALTH CouNciL oF NEW York City 
44 East 23 STREET 


New York, New York 





















A Statistical Analysis of Geriatric Rehabilitation 


L. Z. COSIN 


: purse of this article is fourfold: first, 

to outline briefly the organization of a 
geriatric unit with the principles underlying its 
raison d’étre; second, to review the findings 
previously reported (1) which seemed to throw 
doubt on the usual presumption that the elder- 
ly sick need as much or more hospital accom- 
modation than they are now receiving; third, 
to analyze additional statistical information to 
ascertain the validity of some of the conclu- 
sions reached in my previous paper; fourth, to 
assess the value of geriatric rehabilitation on 
the basis of statistical data. 

It will be shown that an active program of 
rehabilitation can result in a reduction of the 
hospital needs of the elderly sick while provid- 
ing the better facilities which they greatly 
need. Moreover, there is very good reason to 
believe that this can be achieved at considerably 
lower cost than is now considered necessary 
for the hospital care of these elderly patients. 

The Geriatric Unit consisted of the follow- 
ing divisions : 

1) The acute admission wards were staffed 
with one nurse to each 3 patients, with a super- 
visory trained nurse in charge. 

2) The long stay annexe for frail ambulant 
patients to which transfers were made either 
as a normal process of convalescence or as a 
permanent solution for the social and medi- 
cal difficulties of others was supervised by a 
trained nurse but staffed by one nursing order- 
ly to each 5 patients. 

3) A part of the frail ambulant annexe was 
reserved for patients with senile confusion 
whose improvement on a high protein diet, 
Vitamin B supplement, and iron was being 
assessed, after pathologic causes of confusion 
had been excluded by appropriate diagnosis and 
treatment, and before the completion of emo- 
tional and sociologic assessments. 


4) The long stay annexe for ambulant pa- 
tients had the dual function of serving as an- 
other step in the process of geriatric rehabili- 
tation and as a permanent solution for the so- 
cial and medical difficulties of other patients, 

5) The long stay annexe for permanently 
bedfast cases was formerly considered to be an 
essential part of a geriatric unit; on experience 
it has been found to diminish in size so con- 
siderably that I usually attach it to the acute 
geriatric wards. 

This arrangement of facilities has the ad- 
vantage of presenting for repeated study the 
natural history of disease in those patients who 
would otherwise receive that variety of neglect 
so common in our hospital experience. 


A statistical summary of 781 patients over 
60 years of age admitted to Orsett Lodge Hos- 
pital’ between November, 1944, and January, 
1947, showed the following; 577, or 74 per 
cent of the patients admitted, needed less than 
six months’ nursing care; 86 patients were re- 
habilitated Long Stay Patients; at the end of 
twenty-six months only 59 patients (7.5 per 
cent) were bedfast and of these only 35 had 
been bedfast longer than six months. In ad- 
dition, 45 patients had died after more than 
six months’ hospitalization. It was therefore 
concluded that only about 80 (10 per cent) of 
the patients admitted required a full time 
nursing service for more than six months (1). 

It therefore is believed that the provision of 
good medical care in addition to physiotherapy, 
especially remedial exercises, reduced the num- 
bers of permanently bedfast patients. This 
resulted in a considerable reduction in the 
amount of nursing time needed for the per- 





1 Orsett Lodge Hospital, upgraded in 1939 to the status of 
an Emergency Medical Service Hospital as a war measure, 
had previously been a Public Assistance Institution under 
the Poor Laws Act. Consequently, the elderly patients ad- 
mitted were not of high social status and some displayed 
clinical evidence of malnutrition. 
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manently bedfast as compared with the “acute 
geriatric” patients. The latter would seem to 
be admitted with an acute pathologic process 
which usually results in recovery or death, or 
else with a slowly progressive pathologic 
process combined with social or psychologic 
reasons for admission, often outweighing the 
pathologic. This latter group formed the ma- 
jority of permanently bedfast cases, although 
untreated physical disabilities following an 
acute pathologic process no longer effective 
further augmented this total. 

It became important, therefore, to ascertain 
the proportion of elderly patients in each group 
so that the advantages of geriatric rehabilita- 
tion could be examined. Some of the advan- 
tages included the following: some elderly pa- 
tients much preferred to be up and about and 
resented the usual hospital discipline which in- 
sisted on bedfastness ; some relatives agreed to 
take these natients home, especially when 
promised their immediate readmission if neces- 
sary; where social or domestic reasons pre- 
vented some patients from returning home it 
was possible to transfer them to suitable 
Homes operated by municipal authorities or 
voluntary agencies. 

If such facilities were unavailable, it was 
necessary to provide residential accommodation 
within the hospital organization. Patients in 
need of continued physiotherapy, but not resi- 
dential accommodation, could be discharged 
earlier and become out-patients, especially if 
provided with transport to and from the hos- 
pital. A furtherance of this policy resulted 
in the admission of patients for diagnostic rea- 
sons with a view to out-patient treatment, 
whereas previously they would have been ad- 
mitted for an indefinite period; the nursing 
load on relatives was lightened by arranging 
temporary admission for four to eight weeks 
so that holidays and a much needed rest were 
possible; this helped to reduce requests for 
indefinite admission. 

The closer investigation of physical disabil- 
ities revealed a surprising number of patients 
who were admitted with little or no physical 
disability because life outside an institution 
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had become too hard. We then found that 
some of the social and domestic difficulties of 
these elderly patients depended upon their liv- 
ing alone or with relatives. The former prob- 
lem could often be solved by arranging perma- 
nent adimission, after appropriate treatment, 
to a long stay annexe outside or within the 
hospital. But the latter needed investigation 
with a view to their social and domestic rein- 
tegration on discharge from the hospital. 

Next to be studied were the enormous 
economies which could be effected in nurses’ 
time if the considerable reduction of bedfast 
patients could be proved to be a permanent 
feature of this approach to the hospital diffi- 
culties of the elderly. 

Finally we must not forget the comfort and 
happiness of these frail old folk who are per- 
haps receiving far less than is their due, partly 
because of the understandable refusal of many 
hospital authorities to admit them to “acute” 
hospital beds. This, however, does not alter 
the fact that some of the advantages of hos- 
pitalization are withdrawn from a large pro- 
portion of the population because of their age 
and not the severity of their illness. 

If these facts could be substantiated, then 
the principles of geriatric rehabilitation might 
be worthy of adoption on a far wider scale. 

It must be clearly understood that the con- 
clusions reached in this paper do not neces- 
sarily apply to a hospital with a large waiting 
list, with a resultant series of patients suffering 
from prolonged decubitus as well as the in- 
ability to obtain the appropriate hospital treat- 
ment. Nor does it apply to a hospital where 
much of the available nursing staff is squan- 
dered on many permanently bedfast patients 
suffering from prolonged institutional neglect 
as well as the disease which determined their 
admission. It must be admitted, however, that 
in an ideal health service every patient, irre- 
spective of age or prognosis, should be able to 
secure immediate admission for appropriate 
treatment. 

It has been suggested that the problem of 
rehabilitating permanently bedfast patients has 
been neglected in this paper. This aspect of 
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the problem has been considered previously (1) 
but I must insist upon the cardinal importance 
of the rehabilitation of the recently admitted 
geriatric patient rather than the patients who 
have been neglected, in or out of hospital, for 
varying periods of time lasting up to years. 

Thus any well organized geriatric unit which 
has been in existence for five or more years 
should have but few irremediable patients. 
Should the reverse be the case an examination 
of personnel and administration is indicated. 

The present investigation concerns the fate 
of men and women over the age of 60 ad- 
mitted to Orsett Lodge Hospital during 1947 
and 1948. I have intentionally used the age of 
60 years, although the commencement of the 
sixth decade might give a better picture of 
the problem; the patients however tend to fall 
into two definite age groups. The first, up to 
74 years I would call the “aging”, whereas 
the second, over that age, I would call the 
truly “aged.” In this latter group the factor 
of increasing physical frailty affects treatment 
and prognosis. 

As the expectation of life at 60 for women 
is 17 years and for men is 15 years, there is 
no point in utilizing the ages at which pensions 
are payable in England as a logical decision on 
which to base scientific data. For neither the 
natural history of disease nor the expectation 
of a life subject to this factor correspond to 
the expectation of life of healthy women at 60 
or men at 65; it seems therefore that this can 
be questioned as a working rule. It is impor- 
tant, however, for gerontologists to decide upon 
the figure, which may differ in men and 
women, at which organic illness becomes com- 
plicated to a marked degree by the effects of 
aging on the human frame. 

Scientifically each patient admitted should 
be classified from the point of view of his or 
her own expectation of life followed by a com- 
parison of like groups of patients. But again 
this is too complicated for the present stage of 
our investigations until better prognoses of 
disease are available. 

The terms “bedfast” and “permanently bed- 
fast” should be defined. A bedfast patient is 
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one in need of a full time nursing service, 
while the basic nursing skills needed differ but 
little for chronic or acutely ill patients. 

It has usually been accepted that the chronic 
patient was bedfast for the whole of his hos- 
pital stay, most often terminated by death. 

In the first analysis, referred to earlier in 
this paper, because of my failure to organize 
physiotherapy correctly, or to appreciate the 
need for physical assistance by special orderlies 
and equipment, it was never possible to com- 
plete rehabilitation of the recently admitted as 
well as the permanently bedfast patients. 

By January, 1947, however, the rehabilita- 
tion of the surviving permanently bedfast was 
nearly completed and the prime desideratum 
for the administration of a geriatric depart- 
ment has been attained—the ability to rehabili- 
tate those patients capable of improvement at 
a rate equal to their admission. This also is 
the difference between geriatric rehabilitation 
organized in a geriatric department, and geri- 
atric care, however good, in a general hospital 
—teaching, post-graduate, erstwhile municipal 
or late voluntary. Unless medical officers real- 
ize this fact and are prepared to act on it, then 
the “chronic sick’’ will always be with us. 
This is already shown by the instruction of the 
British Ministry of Health order in 1948 that 
10 per cent of general hospital beds should 
be reserved for “chronics.” 

In spite of the invigorating raids made by 
general physicians in the chronic wards and the 
consequent diminution of frank medical neg- 
lect, there is no guarantee that this will not 
recur by further accumulations from the med- 
ical and surgical wards due to the failure to 
realize the social and psychologic factors influ- 
encing bedfastness. 

My first definition of “permanent bedfast- 
ness” was a condition requiring twelve or more 
consecutive months’ full nursing service. Now 
this definition is most important because we 
must face the fact that the greater nursing 
needs of increasing numbers of permanently 
bedfast elderly patients will have an important 
effect upon the recruitment and utilization of 
nurses. 
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GERIATRIC REHABILITATION 


Since only 10 per cent of the admissions 
were bedfast after six months’ treatment (1), 
I therefore adopted my present definition of 
the “permanently bedfast” as a patient needing 
a full nursing service for six or more consecu- 
tive months. 

As fully staffed hospital beds are scarce and 
will become scarcer, the 1947-1948 statistics 
were considered, first, to check the previous 
set of figures, and second, to ascertain the aver- 
age period of bedfastness, before death, dis- 
charge, or transfer to a long stay annexe of 
the patients rehabilitated after admission. This 
would further give us an overall average period 
of bedfastness for each patient admitted to 
compare with the pre-war figure of 260 days. 

Lastly, th. high figure of short term deaths 
(33 per cent of the admissions) in less than 
six months had to be analyzed with a view to 
possible reductions. 

I decided, therefore, upon the six months’ 
period as the stage when the majority of pa- 
tients with an acute pathologic process have 
terminated their treatment by one means or an- 
other ; the rest of the patients remained in hos- 
pital because of a progressive pathologic proc- 
ess, including physical frailty, or a social rea- 
son for continued care. It next became im- 
portant to ascertain the relative incidence of 
social reasons, progressive pathologic processes, 
and a combination of these for such care. It 
also became important to ascertain the need for 
a patient with a progressive pathologic process 
to be bedfast, for it must be accepted that there 
should be no social reason for permanent bed- 
fastness; while the majority of patients with 
social problems and a chronic pathologic proc- 
ess are capable of rehabilitation to long stay 
annexes for the ambulant, frail ambulant, or 
senile confusional states. 

The results of geriatric rehabilitation in 301 
patients over 60 admitted to Orsett Hospital 
between January, 1947, and June, 1948, are 
summarized in figure I. 

It will be seen that each patient was followed 
in the hospital for a period of up to six months 
after admission when necessary. In many in- 
stances, the total hospital stay was less than 














573 
300 + qt 
r 0€40 1 
250}- 450 
1 
200/- ———— ———— 
ae 
3 a DISCHARGED ] 
& 150f- F ed 
8 q = 1 
a 100}- eo taaeereneen -j200 
? a ee —==] 
2 r ae ; LONG STAY ANNEX q 
50h 4250 
. RETURNED TO WARD, 4 
ola a aa eee SEE 300 
0 50 100 150 
OavS aFTER ADMISSION 
Fic. 1. Distribution of 301 geriatric patients (over 


age 60) admitted to Orsett Hospital between January, 
1947, and July, 1948, according to disposition by days 
after admission. The “transferred” patients were those 
transferred from Orsett Hospital to other hospitals 
for special therapy. The small group “returned to 
the ward” from the long stay annexes. At the end of 
six months only 10 patients from the original 301 
admitted were still bedfast, requiring full nursing care. 


this period; such would be the case where 
death, discharge, or transfer to another hos- 
pital occurred prematurely. 

The remaining patients in need of continued 
care, after six months’ hospitalization, fell into 
three categories ; these were: 


1) Those who had been permanently bedfast 
for the total period of hospital stay (ward 
group). 

2) Those who had been rehabilitated so that 
they could be moved into the annexes for 
the ambulant, frail ambulant or senile 
confusional states (long stay annexe). 

3) The rehabilitated patients 
moved back to the geriatric wards from 
the annexe for a temporary period. (The 
small space between “ward” and long 
stay annexe represents this group in the 
graph. ) 

The results in each of the three periods, Jan- 
uary to June, 1947, July to December, 1947, 
and January to June, 1948, were then com- 
pared (table 1). Because of the necessary 
six months’ period of follow-up the final an- 
alysis was completed by December 31, 1948. 
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TABLE 1. 





Long Stay Annexe | 


Remaining on Ward | 
(bedfast) 


N= 96 


‘ (imeen, 1947-June, 1947 
2 July, 1947—December, 1947 N= 75 
3 January, 1948-June, 1948 N =130 


The two categories of patients, “dead” and 
“discharged,” were considered as final, and re- 
admissions (10) were treated as new cases 
when discharge occurred after rehabilitation. 
One patient was transferred to another hospital 
for x-ray treatment, to alleviate pain caused 
by multiple myelomatosis; since she was re- 
admitted two months later still bedfast, she 
was considered statistically to have been in 
the geriatric ward continuously because she 
had been in need of a full-time nursing service 
for the whole period. 

It was thus possible to determine for any 
group of patients (according to age, sex, and 
subdivisions of these groups) the number at 
any time after admission in each of the cate- 
gories mentioned. These were: 

- 1) Died. 

2) Discharged. 

3) Transferred to another hospital for treat- 
ment that could not be given at the ger- 
iatric unit. The common indications for 
transfer were lunacy certification and 
deep x-ray or radium treatment. 

4) Moved to the appropriate long stay 
annexe following rehabilitation. The ad- 
dition of the discharged group to the long 
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Category 
1 2 
—- ral, - 7] a a 
a1 | Bz) c3| Al! Be | A 
Dead 16.7| 16.0} 27.7) 26.0 20.0| 31.5] 30.2, |24.0| 33.8 33.3 
Discharged | 16. 7) 16. 0 20.0) 25.0) 36.0) $1. 5| 29,2| 44, 0} 34.6 


| 7.2) 26.7 13.8) 19.8) 14.0) 17.0| me 19.8) 


59.4) 41.3) 38.5 29.2 20.0 20.0 19.8) 12.0) 11.5] 11.5 


DISTRIBUTION OF GERIATRIC PATIENTS (OVER 60 YEARS OF AGE) ACCORDING TO MONTHS 
AFTER ADMISSION IN PERCENTAGES 
Orsett Hospital 
N= 301 





Month After Admission 


3 | 4 | 5 | 6 


| | | 
B? | C3} Al! B2! 


25.3| 36.2) 36.5 [25,3 36.2) 37.25.3371 
35.4| 45.3| 37.7| 36,5] 46.7, 38.5] 37.5] 48.0) 38.5 
22 .7) 19.9) — 20.7} 21.9) 24.0) 21.0 
| | | 
6.7| 6.2| 6.3} 5.3) 4.6] 3.1| 2.7| 3.8 


stay annexe group gave the net rehabili- 
tation rate; this is of importance when 
considering indices of geriatric efficiency. 

5) Readmitted to the geriatric ward tempor- 

arily after a period of residence in the 
long stay annexes. Common causes 
would be intercurrent respiratory infec- 
tions or cardiac ischaemia occurring in 
a patient who had been treated for a pre- 
vious cerebral accident, the primary in- 
dication for admission. 

6) Remained bedfast in the ward since the 

day of admission. 

The number of admissions of males and 
females in monthly and six months totals was 
made according to the quinquennial age groups. 
The increased admission rate for the third six 
month period—January, 1948, to June, 1948— 
(table 2) can be identified in part with the 
decreased average duration of bedfast stay for 
that period (forty days) compared with the 
first period—-January, 1947, to June, 1947— 
(fifty-five days). The largest quinquennial 
age group for both sexes was that from 70 
to 74, which accounted for 25 per cent of the 
patients admitted ; the next largest quinquennial 
age group was in the range 75 to 79, which 
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GERIATRIC REHABILITATION 575 
TABLE 2. ADMISSION RATES OF PATIENTS OVER AGE 60 
January, 1947, to July, 1948 (301 Patients) 
Number of Patients of Each Sex Admitted Each Month of Period 
Jan.—June, 1947 July-Dec. 1947 Jan.—June, 1948 
Month Males Females Month Males Females Month Males Females 
a | | 
Jan. 7 2 | July 9 1 | Jan. 13 12 
Feb. 7 11 | Aug. 6 8 | Feb. 10 14 
Mar. 8 11 Sept. 5 5 | Mar. 10 13 
Apr. 7 9 | Oct. 9 5 | Apr. 10 9 
May 7 10 | Nov. 7 , May 9 17 
June 8 9 | Dee. 8 7 | June 6 7 
Total 44 52 Total 44 31 | Total 58 72 


accounted for 19 per cent of the admissions 
(table 3). 

The slight preponderance of women (155 
over men (146) (table 3) is noteworthy in 
that it does not seem to be caused by any 
definite age preponderance; the only definite 
factor is the smaller number of women ad- 
mitted in the six month period July to Decem- 


TABLE 3, AGE AND SEX DISTRIBUTION OF 
PATIENTS OVER AGE 60 ADMITTED TO 
OrsETT HOsPIT AL 
January, 1947 to July, 1948 








Age Group in Years Males | Females | Total 


| 








60-64 17 19 | 36 
65-69 29 20 | 49 
70-74 34 | 43 | 77 
75-79 24 «| #34 | 58 
80-84 30 | 18 | 48 
85 and over | 12 21 : 2 
All ages | 146 | 155 | 301 





ber, 1947 (table 2). It may well be that the 
known need for a preponderance of beds for 
elderly women is caused more by their higher 
survival rate than to the greater numbers re- 
questing admission to hospital. 

The effect of age on the rate of death, dis- 
charge, and the need for continued care in the 
geriatric ward or the long stay annexes for re- 


habilitated patients was studied in the two age 
groups 60 to 74 and 75 and over. The former 
group comprised 54 per cent of the admissions, 
while the latter made up 46 per cent. This is 
almost entirely because of the preponderance 
of the 60 to 74 group in the second period July 
to December, 1947 (table 4). 


TABLE 4, ADMISSIONS, BY SEX-AGE GROUPS 
IN 3 Stx-MOnTH PERIODS 
January, 1947, to July, 1948 








Jan.—June! July—Dec.| Jan.—June| Total 











Sex—Age 
Group 1947 1947 | 1948 
Males: | 
60-74 22 30 28 | 80 
75 and over | 22 14 30 | 66 
Females: | | 
60-74 25 21 | 36 | 82 
75 and over | 27 10 36 |. 
Total 96 75 130 301 


Differences in the rate of death, discharge, 
and the need for continued care in the geri- 
atric ward or the long stay annexes for the re- 
habilitated patients is shown by comparing 
males with females (table 5). The increased 
discharge rate from July to December, 1947, 
was probably climatic in origin. The remark- 

sly low bedfast re es after six months in the 
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TABLE 5, EFFECT OF AGE AND SEX ON DEATH RATES, DISCHARGE RATES AND INCIDENCE OF BEDFASTNESS 
AMONG GERIATRIC PATIENTS 


January, 1947, to July, 1948 












































N=301 
Dead Discharged Bedfast 
(percentage of admissions) | (percentage of admissions) (percentage of admissions) 
Months 
after 
admis- 60-74 years | 75 and over 60-74 years 75 and over 60-74 years | 75 and over 
sion ; ; 
| | : | | i 
Males | Females | Males. Females | Males |Females Males | Females | Males | Females | Males | Females 
N =80) N=82 |N=66) N=73 N =80) N=82 |N=66| N=73 N =80) N =82 |N=66, N=73 
1 22.5 | 14.6 | 30.3 | 19.2 | 22.5] 23.2 9.1} 15.1 | 41.2] 53.7 | 40.9 | 46.6 
2 27.5 | 26.8 | 34.8 | 9.2 | 36:2 | 41.5 15.2 | 26.0 | 7.5 | 22.0 | 24.2 | 28.8 
3 30.0 | 29.3 | 40.9 | 21.9 | 42.5] 43.9 | 21.2} 30.1 | 8.8 | a7 .t 10.6 | 20.5 
+ 31.2 | 29.3 | 43.9 | 27.4 | 45.0| 48.8 | 24.2] 34.2 | 5.0 | 12.2 4.5 9.6 
5 31.2 | 30.5 | 43.9 | 30.1 | 47.5| 50.0 | 24.2 | 34.2 | 3.8 | 6.1 4.5 6.8 
6 22:5 | 2.5 | 47.0 | 30.1 47.5 | 50.0 24.2 | 37.0 | 2.5] 4.9 1.3 4.1 
| | | | | | 








geriatric unit for males and females was note- 
worthy in both age groups. 

The high immediate mortality, especially in 
males, was seen in every period of observation 
after admission (table 1). 

Cumulative analyses were made of the more 
important categories of patients in numbers 
and percentages respectively for each month 
after admission. The noticeably rapid reduc- 
tion of the number of bedfast patients in the 
first three months after admission is largely 
because of the high death rate, the discharge 
rate, and the rate of movement to the long stay 
annexes ; the death rate was no longer a major 
factor in the reduction of the bedfast rate in 
the later months of observation (tables 1 
and 5). 

The noticeably high death rate during the 
first three months after admission confirms pre- 
vious findings (1, 2). It seems inevitable, 
however, in our present stage of knowledge, 
that I person of every 3 over 60 years of age, 
admitted to a geriatric unit comparable to the 
chronic sick hospital or municipal infirmary, 
will die in less than ninety days. As most of 
the cases admitted are emergencies, and many 
patients in this age group with a favorable 





prognosis are admitted to the general hospitals, 
this is perhaps understandable. 

The patients continuously in the ward since 
admission dropped to 14.3 per cent of those 
admitted after three months in the geriatric 
unit; after six months only 10 patients were 
permanently bedfast, or 3.3 per cent of the 
total number of admissions. The six months 
bedfast rate was about the same in each of the 
three periods under review (table 1). There 
was, however, a considerable decrease in the 
bedfast percentage in the first .three months 
after admission during the second and third 
periods when compared with the first (table 
1). The difference after one month is too 
great to be reasonably regarded as a chance 
fluctuation. It would be premature, however, 
to regard this as evidence of our greater effici- 
ency in 1948, although that may have been one 
factor. In the third period (January to June, 
1948) an explanation of the low bedfast rate 
one month after admission is provided by the 
high discharge rate (20 per cent) and the 
higher death rate (27.7 per cent) at that in- 
terval. This is not the case in the second 
period (July to December, 1947) however; 











































the 
ica 


at 

nif 
the 
be 


su 
rel 
ho 
tat 
pa 
for 
rel 
me 
evi 
cio 


SoC 








STNESS 


sions) 





d over 





Females 
N=73 





46.6 
28.8 
20.5 
9.6 
6.8 
4.1 


spitals, 


d since 
f those 
eriatric 
S were 
of the 
months 
of the 
There 
in the 
months 
1 third 
(table 
is too 
chance 
wever, 
 effici- 
en one 
) June, 
st rate 
by the 
id the 
hat in- 
second 


wever; 





\ 





the explanation there probably lies in the clin- 
ical field and the size of sampling (table 1). 

The slightly higher bedfast rate in females 
at all ages under review is not statistically sig- 
nificant. It is important to realize, however, 
that age in both sexes had little effect upon the 
bedfast rate (table 5). 

Because the discharge rate in itself is in- 
sufficiently accurate as an index of geriatric 
rehabilitation, when assessing the need for 
hospital beds, I have utilized the net rehabili- 
tation rate ; this is the summation of discharged 
patients and those moved to long stay annexes 
for the ambulant or frail ambulant. The net 
rehabilitation rate provides for a better assess- 
ment of physical independence, but yet gives 
evidence of satisfactory or unsatisfactory so- 
ciologic problems of the aged patients. 

The cumulative rehabilitation rate at month- 
ly intervals could then be compared with the 
cumulative discharge rate. At the end of six 
months, 58.5 per cent had been rehabilitated, 
of which only 40.5 per cent had been dis- 
charged. The difference gives an index of the 
sociologic problems in a Poor Law Hospital of 
a local authority. It is interesting to note that 
the discharge rate at the Oxford Geriatric Unit 
has risen to over 50 per cent after six months 
or less in the Geriatric Unit while the rehab- 
ilitation rate has not altered appreciably, indi- 
cating the different sociologic factors in the 
latter town. 

The remarkably high percentage (69 per 
cent) of rehabilitated patients in the second 
period (July to December, 1947) is associated 
with the low death rate (25 per cent) and the 
high discharge rate (48 per cent) in that period 
(table 1). 

There is a noticeably low discharge rate in 
males in the group 75 years and over compared 
with males from 60 to 74 years of age and 
both female groups. This finding can be 
equated with higher death rates in males over 
75 years and their lower rehabilitation rate. 
The females show a higher rehabilitation rate 
than the males in both age groups (table 5). 

Table 6 shows the average duration of ward 
stay, hospital stay, and annexe stay in days. 
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TABLE 6. LENGTH OF HosPITAL Stay, WITHIN 
S1x MONTHs OF ADMISSION, OF 
PATIENTS IN Four CATEGORIES 

January, 1947, to July, 1948 





. - | 
Category at | Num- 








end cf six | berof | Average days per patient in 
months after | admis- | Ward L.S.A. Ward+L.S.A. 
admission | sions | 
Dead 104 32.9 4.3 37.2 
Discharged 122 | 36.6 8.6 45.2 
Transferred | 3 | 40.3 50.3 90.7 
In hospital’! | 72 | 72.6 110.4 183.0 
Total | 301 44.0 31.9 75.9 


| 


1 Rehabilitated in Long Stay Annexes 55 
Permanently Bedfast 10 
Temporarily Bedfast 7 





The great value of the annexes, as a process of 
rehabilitation, is shown by the 122 discharged 
patients spending nearly one-fifth of their hos- 
pital stay there. The average stay of all pa- 
tients was 76 days, of which 44 were spent in 
a ward and 32 in the long stay annexe. 

While it is obvious that each of the 72 pa- 
tients in the hospital six months after admis- 
sion would have spent 183 days there, the 
higher average period in the acute geriatric 
wards is not quite so clear. Part of the ex- 
planation lies in the 10 patients who had been 
permanently bedfast for the total period. On 
subtracting their total period of bedfastness 
(1830 days) from the aggregate number of 
days spent in the ward by the 72 patients still 
in the unit six months after admission, we find 
that the average duration of ward stay of the 
other 62 patients had fallen to 54.8 days. As 
moreover none of the permanently bedfast had 
spent any time in the annexes, we find that the 
average period of annexe stay of the 62 pa- 
tients who had been rehabilitated rose to 128.2 


days. 

Since the few rehabilitated patients who 
were moved back to the wards temporarily 
could not account for the increased average 
ward stay, there is reason to conclude that the 
functional rehabilitation of patients in need of 
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long term continued care requires a slightly in- 
creased period in the geriatric wards. 

It can be seen that 72 patients were still resi- 
dent six months after admission; or, allowing 
for a few more discharges, we find that about 
20 per cent of the admissions to a municipal 
hospital were unable to leave hospital accom- 
modation. In this case, the number who could 
not leave for purely medical reasons was 3 per 
cent of the admissions, while the percentage 
whose medical condition did not contraindicate 
discharge but in whom the social problems 
were not solved was far higher. 

As can be expected, further reductions in 
the bedfast rate occurred after the first six 
months’ observation period had elapsed, but 
these have not been included in this analysis. 

Professor Major Greenwood who surveyed 
this analysis statistically has very rightly warn- 
ed against the rigid use of this analysis for 
determining far-reaching conclusions; rather 
should it act as a spur to other experiments of 
similar scope so that firm conclusions of the 
accurate needs of the elderly patient can be 
reached. 

I base the rehabilitation service upon a quad- 
ruple assessment of each patient’s needs and 
problems—the pathologic, the psychologic, and 
the sociologic. Assessment and treatment upon 
these lines then provides for the fourth type of 
assessment—that of the residual physical dis- 
ability. The reduction of the residual physical 
disability to a minimum and its maintenance at 
that level then provides for a policy of con- 
tinued care either in a geriatric unit, in the pa- 
tient’s home, or in specialized units designed 
for groups of patients whose physical or so- 
ciologic needs are found to be similar. 
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SUMMARY 


The aims of geriatric rehabilitation have | 
been defined. These consist of a dynamic quad- | 
ruple assessment of each patient’s diseases and 
disabilities. They are the pathologic, the so- 
ciologic, and the psychologic, preliminary to the 
assessment of the residual physical disability, | 

The organization of the geriatric unit based | 
on these aims provides for acute geriatric wards 
and annexes for the ambulant, frail ambulant, | 
and senile confusional states. 

The small need for long stay annexes for 
permanently bedfast old people has been sug- 
gested. 

The average bedfast stay of people over 60 
years of age admitted to the geriatric unit of 
a municipal hospital under the Poor Law Act 
in Great Britain was found to be about forty- 
four days in the first six months of hospital- 
ization. 

The average percentage of permanently bed- 
fast patients six months after admission toa 
geriatric unit was found to be about 3 per cent 
of the admissions. 


I am very grateful to the late Professor Green- 
wood, the Consultant Statistician of the Essex County 
Council, and Mr. Leak, his statistical officer, for their 
analysis of the data and continuing interest and ad- 
vice; also to Dr. W. H. Bullough, then Chief Medical 
Officer of Health for Essex County Council, for 
facilitating this project. 
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Gerontologic Programs in England as Seen 
by an American Observer 


GEORGIA FRANCE McCOY 


Grave problems of an aging population are develop- 
ing in this country, problems which can already be 
seen as accomplished facts in England. The after- 
math of two World Wars and the results of housing 
destruction and disruption of normal patterns of living 
by the “Blitz” have aggravated and accele.ated the 
effects of trends of longevity in population set in mo- 
tion by modern medicine, leaving England with critical 
problems in their aged population. After the war 
the English faced a difficult situation in which thous- 
ands of aged left without resources for maintaining 
a life for themselves gravitated to hospitals and 
institutions. Institutional space being limited in qual- 
ity and quantity, the community soon found that avail- 
able hospital beds were being filled by the chronically- 
ill aged, seriously affecting ability to provide hospital 
care to the acutely ill younger members of the popu- 
lation—and that, even so, resources were being pressed 
to provide for all the aged needing care. 

Equally serious are the economic aspects of these 
problems. In 1947 the working strength of the Eng- 
lish population was 56 per cent; the over-sixties rep- 
resented about 15 per cent of this number. In an- 
other twenty years, including the same percentage of 
aged, it has been estimated that the working strength 
of the population will be at 52 per cent. Clearly the 
increased employment of older workers will be neces- 
sary economically. 


While, as indicated, these problems have not de- 
veloped to the same degree in this country, we are 
already faced with the same kind of problems and 
their pressures are increasing—we clearly have similar 
problems in our future. English experience, there- 
fore, affords us a rare opportunity to preview this 
future and to observe directly the development of 
methods of dealing with these problems in a country 
similar to ours in culture and basic social institutions. 

There are certain fundamental facts about problems 
of aging which are being clarified and underscored by 
experience. The first of these facts is that problems 
of aging are primarily problems of disability, not 
from age itself but from accidents or from diseases 
with long periods of incubation or slow development 
(i.e., chronic diseases) which usually become disabling 
only in later years of life. As one English physician 
commented “there is no such thing as chronological 
old age; Geriatrics is not a separate medical specialty 
--it is merely one aspect of the general practice of 
medicine.” The ultimate solution of these problems 


is, therefore, in the field of preventive medicine—the 
maintenance of health—and social engineering—the 
maintenance of social usefulness of the individual. 
But after the invasion of disease and after the social 
position of the individual has deteriorated, the prob- 
lem becomes one of treatment and rehabilitation. 

In this country we still have a margin for pre- 
ventive action, but the English, confronted as they 
are with an accomplished fact, have been forced by 
necessity to focus their current programs on treat- 
ment and rehabilitation of the aged individual who is 
so severely disabled that he is unable te function inde- 
pendently in the community. 

Following the findings of study and experience, the 
English have developed a threefold program including 
1) hospital care; 2) substitute homes, including Long- 
stay Annexes for those requiring custodial care, Half- 
way Houses for the transitional period between hos- 
pital and home, and Residential Homes; and 3) local 
medical care and social services. 


The foundation of the English program is adequate 
medical care. To provide this care geriatric units, 
including hospital wards and out-patient clinics, have 
been organized in general hospitals—not, it is empha- 
sized, because the care of the aged constitutes a sep- 
arate branch of medicine, but for administrative rea- 
sons stemming from the fact that the aged generally 
suffer from certain diseases in common. This article 
reports information regarding the content and admin- 
istration of such geriatric_programs obtained in inter- 
views with leaders in this field and as observed in 
three hospitals in the London area, St. Heliers, West 
Middlesex, and St. Pancras Hospitals, where geriatric 
units are in operation. Visits were also made to rep- 
resentative types of substitute homes developed in the 
program. This survey was made in connection with 
the development of a comprehensive gerontologic serv- 
ice to be headed by Dr. Michael Dacso in the Depart- 
ment of Rehabilitation in the New York University- 
Bellevue Medical Center, directed by Dr. Howard A. 
Rusk. 


Admission: The first admission requirement to 
hospital care in the English program is need for hos- 
pital, not custodial, care. Although referrals, which 
may be initiated by social agencies or others, are made 
by the general practitioner in the local community, 
these referrals often arise from social rather than 
medical needs. In fact, this is the crux of the Eng- 
lish problem. In the three hospitals visited the em- 
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phasis at admission, therefore, was on careful deter- 
mination of the need of the patient for hospital care. 
Every medical resource is reviewed in relation to the 
patient’s condition in an effort to use all local health 
services and an array of social services in working 
out some other adequate plan for his care—“The hos- 
pital is the last resort.” 

In one of these hospitals, home visits prior to ad- 
mission are made in all cases by the physician and 
almoner (medical social worker). In the second hos- 
pital all patients are seen by the physician either in 
the out-patient clinic or at home, prior to admission; 
and in the third hospital, although the patient is ad- 
mitted on referral if a bed is available, the patient's 
condition is reviewed as early as possible to determine 
disposition, and all patients not admitted immediately 
are seen in the out-patient clinic even if it is neces- 
sary to bring them in an ambulance. 

The second criterion of admission is a diagnosis of 
chronic disease. No age limits are specifically estab- 
lished; the minimum age limit is generally 60 years, 
but younger persons are admitted on this geriatric 
service if they suffer chronic diseases usually associ- 
ated with age. Similarly older patients are admitted 
to general wards of the hospital according to diag- 
nosis. 

Treatment: All available knowledge and facilities 
for diagnosis and treatment of chronic diseases in- 
volved in the care of these patients are provided as 
far as possible in these geriatric units. In this con- 
nection it was brought out by one physician inter- 
viewed that it was most important that the personnel 
staffing these units, medical, social and administrative, 
be interested in and sympathetic with the particular 
problems of older patients, which was another ad- 
ministrative reason for developing geriatric units. 

The geriatric units are administratively complete. 
In addition to the medical staff they have their own 
laboratory, diet kitchen (and dietician), linen room, 
surgery, etc., as well as their own social service unit. 

The Physical Therapy Department of the general 
hospital and the general occupational therapy service 
are available to the geriatric units in these hospitals, 
although in one hospital a special physical therapy 
program had been developed because of lack of staff 
in the general hospital department. This program is 
interesting for the effective but simple procedures 
and devices which, out of necessity, have been utilized 
in the program. Occupational therapy is of a diver- 
sional-therapeutic nature; no pre-vocational activities 
are included. It was emphasized that the rehabilita- 


tion program for this group of individuals is basical- 
ly the same as for any other group of disabled people. 

One of the hospitals also has a chiropodist once a 
week and in one hospital the services of a speech 
therapist are available two or three times a week; 
in another this service 


is available once a week. 
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Psychiatric service is limited to treatment of the 


veloped in this program. 
ment of treatment, however, merit special attention, 
While the extent, type, and cause of disability oj 
older patients may vary widely, their social problems 
cf rejection and loneliness are basically the same, con- 
stituting a common factor in their problems, and the 
almoner who deals with them plays an important role 
in the geriatric service. 

It will be noted that in one of these hospitals the 
almoner participates in the admission procedure. It 
was believed in this hospital that social planning 
should begin with the initiation of hospital care. The 
home visit prior to admission provided information 
on the home situation and social resources, valuable 
not only in treatment but in planning for discharge 
and after care. In the other two hospitals while ad- 
mission was considered to be a medical problem, 
the almoner’s responsibility began as soon as the 
patient was admitted and all available social informa- 
tion developed for use both in treatment and in plan- 
ning the patient’s disposition at discharge. 

In this program the functions of the almoner are 
centered in an administrative type of social work. 
Interpretation and general social case work treatment 
are elements of the almoner’s service, but her chief 
service is in discovering and marshalling for the use 
of the patient all social services which may be avail- 
able to help him live a satisfactory life outside of the 
hospital. One almoner commented that about nine- 
tenths of her work was by telephone. 


One aspect of social treatment during hospitalization 
is the close relationship maintained by the hospital 
with relatives or others interested in the patient. The 
almoner keeps in communication with these individuals 
and at least one night a week both the physician and 
almoner keep evening office hours during visiting 
hours in order to see relatives and. friends; special 
interviews are held at discharge. The almoner, more- 
over, keeps closely informed on medical progress of 
the patient. She accompanies the physician on staff 
rounds two or three times a week, and a ward con- 
ference is held daily on the progress of patients. 


The limitations of this article will not permit 
report on details of management. Although two of 
the hospitals were housed in buildings which had been 
“work houses” under the old Poor Laws, all of these 
hospitals were bright with cheerful colors and cleanli- 
ness, and the atmosphere was pleasant and easy. In 
all three hospitals these units were organized in three 
wards, one for men and two for women. The wards 
ranged from 30 to 45 beds in capacity. Each ward 
was organized in two sections, one for new admissions 
and one for patients able to be up and about in a “day 
room.” In one hospital there was also a ward section 
for patients with senile dementia for whom no plans 
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could be made elsewhere. Staffing followed conven- 
tional patterns; nursing and attendant staff was in 
a ratio of three patients to one staff. Owing to 
shortage of trained nurses, there were only one or 
two trained nurses for each ward, the remaining 
yursing staff being registered practical nurses and or- 
derlies. The average weekly cost of care in these 
wards was reported to be about 14 to 18 £ ($50.40) 
per person. 

Many of the patients in these wards are admitted 
for short stays; the average length of hospital care 
is between one and two months, aithough some may 
remain for months. 

Discharge: Treatment in these geriatric units is 
directed toward bringing the patient to a level at 
which he can be safely and properly cared for out- 
side of the hospital as early as possible, and discharge 
procedures and after care planning developed as an 
integral phase of medical care in these geriatric units 
represent one of the real contributions of this pro- 
gram to gerontology. This planning includes pro- 
vision for meeting social problems of daily living as 
well as for continuing medical care. 

In this procedure the hospital almoner is notified 
of discharge as soon as it can be foreseen; usually 
there is a two weeks’ notice. The almoner has pri- 
mary responsibility for making the earliest and best 
discharge plan possible for the patient. To achieve 
this objective a wide range of services has been de- 
veloped. This program of service is unique both in 
the types of service included and its completeness. 
Under this program discharge may be to: 

1. Long-stay Annexes or Homes for the Infirm— 
Patients are discharged to such facilities when hos- 
pital care is no longer needed, but continued medical 
and nursing care must be provided. The line of re- 
sponsibility between the National Assistance Acts, 
Part III, and the National Health Service Act, with 
regard to care of this type of case, is not clearly 
cefined and there is still question as to who is respon- 
sible. In some communities neither the County Coun- 
cil nor the Regional Hospital Board finds this type of 
care eligible under their programs. 


To meet this problem several of the large Founda- 
tions, including the Nuffield Foundation and the King 
Edward VIII Hospital Fund, operating through the 
National Corporation for Old People and the Lord 
Mayor’s National Air Raid Distress Fund, have de- 
veloped programs for making capital grants to such 
institutions ; grants for operation are not made under 
this program. These grants are made to voluntary 
organizations who agree to operate the home. If the 
voluntary organization has no assured income the 
public authorities must agree to subsidize the home 
by per capita payments before the corporation will 
make any capital outlay. They also require that the 
home be run in close connection with a geriatrics unit 
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of a hospital, in order to assure adequate medical 
supervision and prompt readmission to a_ hospital 
when such care is needed. 

These homes are usually planned to provide care 
to an average of 30 to 35 people. Below 25 is un- 
economic and over 35 is too large, although the Na- 
tional Corporation has made capital outlays for larger 
homes in special circumstances. For example, they 
made a grant to a home operated by the Little Sisters 
of the Poor, which has a capacity of 200. 

The staff of these homes includes a visiting physi- 
cian, nurses, and maintenance staff. There is usually 
one staff member to every three residents. The nurses 
are generally state-enrolled practical nurses or nurs- 
ing orderlies. They cannot get fully qualified nurses 
for this type of work, although they try to get a 
qualified nurse to be in charge. 

Even though this is a relatively expensive operation 
it is less expensive than hospital care, which it was 
reported costs 14 to 18 £ per week as against about 
5 £, or $14.70, per week in such homes. 

2. Half-way Houses—Patients are discharged to 
this type of home when they are ambulatory and no 
Icnger require special medical or nursing care but are 
not ready to assume full responsibility for self-care. 
These houses provide a transitional period between 
hospital and home or substitute home for such pa- 
tients. This plan also makes it possible to discharge 
patients sooner, releasing hospital beds and saving 
money. Again the per capita cost in these homes 
is around 5 £ a week against 14 to 18 £ a week ina 
hospital. This program is a relatively new one; only 
a few such homes are now in operation but a number 
are planned. They are financed and operated on the 
same basis as the homes for the infirm. 


The public agencies have not yet been entirely per- 
suaded that this new program is sound, although the 
Minister of Health recently ‘said in Parliament that 
he believed these homes were a good thing and urged 
voluntary groups to persevere in developing the pro- 
gram. Hence while the program is not yet one of 
public policy, the voluntary groups supporting this 
type of facility think that “it is on the way.” 

3. Residential Homes:—or so called “Part III 
homes.” Part III of the National Assistance Acts of 
1948 empowered public authorities to subsidize private 
communal homes through payment for care in such 
homes on a per capita basis. Traditionally voluntary 
agencies have met a large share of the need for homes 
for caring for those aged capable of self-care, but 
either not able to live alone or not having a home of 
their own. Under the present political-economic pro- 
gram in England, voluntary help is decreasing. This 
provision of the National Assistance Act has been 
used to encourage and enable voluntary agencies to 
continue and expand their service in this field. 

Under this plan voluntary agencies can be assured 
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of funds for maintenance, but there is still a problem 
of capital expenditures. Again private foundations 
have stepped in to help provide this type of home. 
The National Corporation for Old People has, for 
example, approved 150 applications for funds for such 
homes. 

These homes are generally planned for 30 persons; 
as in the case of homes for the infirm it has been 
found that fewer than this number is uneconomic and 
if larger they become institutionalized. Ideally, these 
humes provide each resident with his own bed-sitting 
room, a communal kitchen and dining room, a regis- 
tered nurse for temporary illnesses, and other at- 
tendants and staff as necessary. The usual ratio in 
staffing these homes is one employee to five residents. 
The cost of care in such homes ranges from 3 £ 10 
shillings, to 4 £ a week per capita. 

In practice the objective of a private bed-sitting 
room for each resident cannot always be met. Many 
of the homes make use of country places of private 
individuals no longer able to operate them. These 
estates lend themselves well to this purpose, except 
that they usually require a dormitory arrangement for 
sleeping and privacy is difficult to achieve. 

One of the problems in the operation of all these 
types of homes is that of personnel. The English 
have recently initiated a type of in-service training 
program for matrons and attendants in such homes. 
This training consists of one month of instruction 
on the physical, emotional, and social problems of the 
aged, followed by a kind of interneship in a geriatrics 
unit or in various types of homes for the aged where 
special supervision and additional instruction are 
given. It is hoped this program will increase the sup- 
ply of competent staff for these iomes. 

4. Patient’s Home:—Ilf the patient returns to his 
home every effort is made to insure his care by re- 
ferring him to his local physician with recommenda- 
tions for his continued treatment. A definite plan 
for return to the out-patient department of the hos- 
pital for checkups and/or treatment is also made. 
Transportation, when necessary, is arranged by hos- 
pital ambulance or by a voluntary organization. 
Other health services are also mobilized, including 
clinic services, visiting nursing services, and visits by 
the local health visitor. 

Social Services which may be available are thor- 
oughly explored. These vary from community to 
community but certain services are available in all 
communities; these include Public Welfare Services, 
services inherent in the social insurances, and the 
services of private voluntary agencies. Varying serv- 
ices which may be available through these sources 
include: “home helps” (housekeeping service) ; 
“meals on wheels;” transportation services; domicil- 
iary laundry services; library service; “sitters-in” 
service ; friendly home visiting, recreation centers and 
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clubs, and such programs as special chiropody service 
and other personal services. 
have been developed as methods of making it easier 
for the aged to remain in their homes. 

Efforts ar2 also being initiated to develop special 
housing for the aged. Such housing, with a wide 
variety of special medical and social services should 
make it possible for an increasing number of the aged 
to remain in their own homes. 

If the patient is io return to the care of relatives, 
friends, or others, arrangements are similar. In in- 
stances when a patient is a chronic invalid the pa- 
tient is re-admitted for check-ups at intervals chiefly 
to give those caring for these patients needed rest 
and vacation. 
formal foster home program; emphasis has been by 
necessity on communal homes, 

If the patient is able to work, the Disablement 
Resettlement officer is informed and plans are made 
to work out employment problems of the patient. It 
was brought out, however, that few of the patients 
in the older age groups are referred for employment 
and still fewer are found to be employable. Special 
training, which is limited, is rarely approved for 
workers after age 55. 

Follow-up: In spite of the array of public and 
voluntary health and welfare services available in 
local communities in England, it was reported that 
follow-up on patients after discharge was a problem. 
The local physician, often overworked, does not al- 
ways have time to follow patients in their homes as 
closely as indicated; nursing service is insufficient— 
because of a shortage of nurses; not all local author- 
ities employ health visitors; and other services pro- 
vided are pressed by the demands on them. Every 
unit visited cited examples where the results of long 
expensive treatment were wiped out by failures to 
follow through on recommended care and treatment 
following discharge. 

In this situation hospital service is extended as far 
as possible. The case of the patient is held open for 
all services until his final discharge from the out- 
patient clinic. The almoner makes some home visits 
and referrals even after final discharge and respon- 
sibility is taken to see that patients receive continuing 
care. We learned that one hospital (Addenbrooke 
Hospital in Cambridge) is experimenting with a home 
care program apparently similar to the home care pro- 
gram in this country. 

It was the consensus, however, that after the pa- 
tient was discharged he should } + the responsibilty 
of his local community. The foliow-up services de- 
veloped by the English hospitals are, therefore, con- 
sidered to be stopgaps. Even though there has been 
limited experimentation with home care programs, the 
English believe that such programs as basic continuing 
programs are administratively undesirable. Such a 
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program seems to constitute an impractical extension 
of hospital service—one which could graduaily sap 
hospital resources. The basic principle at issue, how- 
ever, is the belief that the general practitioner is the 
backbone of all medical care, and primary responsi- 
bility for all aspects of medical care should remain 
with him. It seemed, therefore, sounder to emphasize 
development of adequate local services than to develop 
provisions for stretching hospital services to cover 
medical problems throughout the community. 

It was reported that there is currently movement 
toward development of greater local responsibility 
in follow-up by formalizing such service through the 
local health visitors. Since local health visitors, how- 
ever, have only primary health training such follow- 
up services would naturally focus on health problems. 
This plan might not meet the need for complete 
follow-up services since so many of the problems of 
the aged are social problems, and the need is for an 
approach to the whole person. Even though the 
establishment of this plan might still leave gaps in 
service it was believed that it would represent a great 
step forward by definitely establishing local respon- 
sibility for follow-up. 

The total English gerontologic program also in- 
cludes efforts designed to delay the effects of age and 
chronic illness and to develop economic policies which 
will increase the productive span as well as the life 
span of older people. There has been, for example, 
studies in “skill and age” and experimentation in in- 
dustry in the employment of older workers. It is 
recognized, however, that the most stubborn questions 
in connection with the whole problem are political 
and social rather in production methods, per se. 

Some positive steps have been taken in these 
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political-social areas; one of these steps has been re- 
cent government revision of public policy on pensions 
to encourage continued employment of older workers. 
But the changes in traditional attitudes involved in 
employment of older workers, the crux of the prob- 
lem, will come only with time, necessity, and increased 
understanding of the vital importance to the general 
welfare of maintaining the effectiveness of an aging 
population. 


SUMMARY 


This article reports information obtained in a sur- 
vey of English programs to meet problems of chronic 
diseases which usually become disabling in old age. 
It was made in connection with preliminary planning 
of a projected gerontological program in the Depart- 
ment of Rehabilitation of New York University- 
Bellevue Medical Center, New York City. 


The English have developed a threefold program 
including hospital care, substitute homes, and local 
medical care and social services. The minimum ob- 
jective of this program is to make hospital care of 
the chronically ill aged unnecessary, the next is to 
make institutional care unnecessary, and the maximum 
objective is to help older people remain productive. 


Up to this time emphasis has been by force of 
necessity on the first two of these objectives, with 
adequate medical care, including rehabilitation, as the 
foundation of the program, and a wide range of social 
services as its dynamic. This close integration of 
medical and social services and the wide range of 
services developed to aid older people to live in their 
homes were the significant facts brought out in this 
view of the English program. 
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EDITED BY J. GROSS 


CHAIRMAN GROSS: We are to have a short 
panel discussion at the present time among all the 
speakers. 

To open the discussion, I should like to comment 
on the old notion that some people had for a good 
many years—and quite a few people still have—that 
the connective tissue is a very inert stuffing material 
that fills up the spaces of the body and probably par- 
takes of physioiogy to the extent that it holds the 
cells and the organs together. However, during the 
past fifty years or more since the connective tissue 
became of interest to biologic investigators, it has been 
periodically brought to our attention that this tissue, 
which fills the spaces between the cells and blood 
vessels, serves as a filterbed for whatever nutrients 
and metabolites pass to and from the cells. 

The extra-cellular tissue “space” is not just a void 
through which water and salts freely trickle but under 
normal conditions is filled with fibrils and a complex, 
potentially reactive gel, the physical and chemical 
properties of which are sensitive to its environment. 

However, at this time there is very little known 
concerning the transport of fluid and dissolved solids 
through the connective tissues. A provocative begin- 
ning has been made in the study of selective secretion 
of ions and other substances by the ciliary body and 
the choroid plexus by Friedenwald and associates, 
Kinsey, and others. The studies by Sylven’s sroup 
on diffusion through cartilage and other connective 
tissues are also a good step in this direction. 

If connective tissue does play any regulatory role, 
either active or passive, in the passage of substances 
to and from the cells, this function would be vital to 
the individual cells and the whole organism. 


So to open the discussion, I wonder whether some 
of my colleagues on the platform have any ideas about 
how we might go about determining what possibilities 
for dynamic action actually do lie in connective tissue 
and what changes take place, not only in aging but in 
physiologic states, in disease processes, in conditions 
as “simple” as scurvy, which would modify its 
activity. Just what approach do our various speakers 
think might be fruitful? Dr. Tunbridge, I wonder 
if you would start. 

DR. R. E. TUNBRIDGE: I believe this is some- 
thing which is extremely difficult. I think Dr. Gross 
has indicated the fundamental problem with which 
we are faced; but in order to get a good start along 
that line, one has to be intimately familiar with dis- 
ciplines. One has to know a vast amount about pro- 
tein structure, protein analysis, the whole of organic, 
physical science, even down almost to atomic struc- 
ture, and then the biologic field. I think he is right 
in stressing that. 

I believe that in the immediate future we have to 
realize the defects of so many of our methods and 
therefore not be hasty in building our hypotheses on 
the basis of a very limited approach because of the 
limitation of our methods. I consider that it is only 
by individually approaching this that we can attempt 
to isolate an equilibrium experiment. By not building 
on too great a hypothesis we are going to get the data 
that we need. I think one difficulty is in fixing our 
ideas as one would fix tissue. As Dr. Gross has said, 
connective tissue is a living tissue; and, as he showed, 
actually what we have called collagen is material 
which can be precipitated by various methods from a 
solution, and this may be taking place in life. 


Publication of this discussion in this issue of the Journal of Gerontology is made possibic by a grant from the Second 
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I think the difficulty is to get an active laboratory microscope. Nuclei changing in this direction or that 


method of approach. And it seems to m2 that, with- 
out scrapping all past experience and knowledge, 
we have to look at the basis of the histologic approach 
before us today exceedingly critically. That was born 
out of a very fine school of morbid anatomy, and 
the cytology has been rather static. We have to 
get another conception of the living histology. If we 
can get that, it will help us in our interpretation of 
disease processes. Just as in the past, with the hypo- 
thesis of disease mechanisms, the development of 
morbid anatomy taught us something concrete and 
then we went on to bacteriology, and more recently 
tended to be physiologists; we have to get that con- 
cept through in our design of experiments and in our 
interpretation of results. Therefore, I believe we 
have to try to evolve methods of bridging the gap. 

CHAIRMAN GROSS: Dr. Pfeiffer, would you 
care to comment ? 

DR. H. H. PFEIFFER: I consider it of greatest 
importance that all preparations of fresh or fixed 
materials should be researched, too, by means of polar- 
ization microscopy. Such studies are necessary, not 
instead of the recent methods and investigations but 
alongside of them. Such researches in polarizatic 
optics should consist, moreover, not only of qualitativ: 
observations but also of quantitative measurements 
of double refraction, polarization diffraction, quantita- 
tive dichroism, et cetera. 

Once more: after experimental influencing of the 
studied objects, there should be a combination of all 
possible optical methods in the widest sense with, as 
far as possible, a quantitative determination of natural 
or accidental anisotropy. 

CHAIRMAN GROSS: 
care to say something? 

DR. A. I. LANSING: Yes, indeed. One can only 
concur with the statements that have already been 
made on the general problems of connective tissue. 

I do disagree with Dr. Gross in saying that con- 
nective tissue is very sadly neglected and needs more 
research. Connective tissue research has been doing 
very well for itself, indeed, in the last several years. 
It has mushroomed very rapidly and to our very great 
profit. 

The cells are being very badly neglected, and I 
might plea for a little work on cells. But that, of 
course, is a matter of opinion. The general points 
are sound, 

As a morphologist, I have repeatedly pointed out, 
perhaps erroneously, that in aging, at least, it is quite 
surprising how little characteristic change we can pin 
on the cells or tissues ; that aging, from a morphologic 
point of view, is a gross phenomenon. We can dis- 
cover from our faces, our face color, our hair, and 
lack of color, that we are old. But the viscera look 
good in an old person, grossly and indeed under the 


Dr. Lansing, would you 


direction, we might ascribe to this or that. But there 
is no consistent change except for a very general 
fibrosis in all species that have been studied carefully 
and, as far as I know, in all organs that have been 
analyzed. Fibrosis is the general change of aging, 
and indeed it may be the key to aging in our organ- 
isms at least, for certainly protozoa, which do not 
have connective tissue, age. and there may be other 
processes involved. 

But what I am driving at is this: that perhaps the 
accumulation of connective tissue, the increase in con- 
nective tissue with age, may become a_ metabolic 
barrier to the cell, and from this general approach 
to the cell we shall profit in physiology and morphol- 
ogy. I do not want to belabor that point any further. 
I think it is important. 

One might point out that elastic tissue stu‘ies are 
fairly recent. Collagen has received much more at- 
tention. I reported this morning, and others have re- 
ported, changes in the nature of elastic tissue, the 
relation of these changes to diseases like arterioscler- 
osis and skin problems, also lung physiology, where 
we now know that there are changes in elastic tissue; 
such studies may be very profitable. 

Apart from these problems that involve pathology 
and aging, we still are confronted with a very funda- 
mental problem: where do these fibers come from? 
Some months ago I had the pleasure of listening to 
Dr. Keith Porter, who intimated fairly directly, if 
not positively, that the fibers actually form in the 
periphery of fibroblasts. I do not know how well 
that view is entertained. I should like to ask Dr. 
Gross if he would care to comment cn that. I hope 
I am not misquoting Dr. Porter. 

CHAIRMAN GROSS: First I should like to 
agree with Dr. Lansing when he says that in the 
last few years there has been a great deal of inter- 
est stimulated in the connective tissue work. I think 
some of us would not be on this platform if it were 
not so. 

And as far as the extra- or intracellular formation 
of collagen is concerned, I think that Dr. Porter 
certainly has done some of the finest work in this 
field, as far as I know, in trying to determine whether 
fibers are actually secreted, as formed, from a cell 
or whether the cell secretes a precursor and forms 
them outside the cell. I have not seen Keith Porter’s 
latest work, and so I really am not in a good position 
to comment on it. The earlier work I did see did 
not substantiate the intracellular formation of collagen, 
and he said so himself. 

Our own work suggests, at least, a conservative 
way by which the cell could form fibers, secrete pre- 
cursor building blocks, and allow them to form fibrils 
extracellularly, influenced by environmental conditions. 
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There is evidence indicating that such a thing is 
possible. 

Certainly studies on the stimuli for fiber formation 
may be extremely important in conditions like arterio- 
sclerosis and fibrosis, which, as Dr. Lansing stated, 
takes place all over the body as the animal ages. 
There is a marked diminution of the ground substance 
with age and a steady increase in the amount of 
fibrous material. That this transition plays some sort 
of role—at least one thinks this intuitively; there is 
no good evidence for it—in the aging process, is pos- 
sible. However, we need concrete evidence, because 
intuitive guesses do not mean a thing. 

Dr. Firket, will you comment on this cuestion? 

DR. J. FIRKET: I think I am in a very bad 
position, being the last on this stage to speak. But 
I agree with what has been said: that we must in 
the meantime study the fundamental connective tissue 
questions. 

But one thing I should like to emphasize as a 
pathologist is that certain tissue reactions may perhaps 
now be better analyzed, taking notice of what has re- 
cently been found, in the collagen and the fundamental 
substance, in tissue response in allergic reactions. We 
are now in possession of new methods by which we 
are able to show the antibodies very precisely on 
section. This is a very recent thing; and now, if 
such reactions are studied in relation to aging trans- 
formations, we might see new things. 

I would also stress what I mentioned in my lecture, 
the importance of the action of aging following 
X-rays, since we know that x-rays have an action on 
the tissue which is more of a chemical action than a 
purely physical action, which means that oxidized 
radicals are liberated. 

From the cellular side of the problem, I should 
like to emphasize one program which seems to me 
very important, and that is to look over the determin- 
ing factors which give rise to a particular type of 
cell which is usually found to be a connective tissue 
cell and which is much more than a purely physiologic 
type of cell. 

CHAIRMAN GROSS: I should just like to com- 
ment for a moment on a statement made by Dr. 
Lansing and also on the discussion of cells by Dr. 
Firket. It would seem that those of us who are 
closely involved in the study of connective tissue 
neglect the cells, but actually the cells are always 
in the back of our minds. But being human, we are 
inclined to pick the easiest things first to study, and 
also systems which are more likely to give immediate 
answers or at least quicker answers. Perhaps by 
studying some of these simpler problems, we are going 
to be able to work gradually back to the cell. 

Dr. Tunbridge brought up the danger in making 
hypotheses and in labeling things unless the label 
really is specific, which harks back to working on the 
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cell. It is so easy to see things in cells and pro. 
duce a hypothesis of function, but a cell is a ter- 
rifically complicated structure and until one can de- 


fine things, rather uniquely or as uniquely as possible, | 


it will be very difficult to correlate structure with 
function. 

Mucopolysaccharide, for instance, must be labeled 
as mucopolysaccharide by its chemistry, by its intrinsic 
characteristics, not alone by a relatively nonspecific 
staining characteristic. When one is saying “muco- 
polysaccharide,” what he really might mean is muco- 
protein, a distinction of considerable importance, 
When we say “collagen” we should mean a particular 


| 
I 


protein entity and not a conglomerate of materials, | 


We will never know what is happening in collagen 
fibers unless we know which component of the histo- 
logic fiber bundle we are referring to. 

CHAIRMAN GROSS: Would any of our speak- 
ers care to comment? How about Dr. Gey? 

DR. G. O. GEY: There are several things here 
which impressed me very much. We, first of all, 
have the challenge to determine the orientation and 
constitution of materials inside the cell and materials 
outside the cell. You have heard very excellent 
dissertations on what one finds with the best tech- 
niques known today in the evaluation of materials 
extremely fine in their morphologic distributions. 

It would seem to me that in order to determine 
what materials are inside a cell versus those outside, 
one should turn to such procedures as ultrasectioning. 
This technique has not been mentioned, but it is a 
technique which is of great value, being advanced 
especially at M.I.T. and other places now, and per- 
haps in the future one will be able to determine pre- 
cisely whether or not such structures as collagen and 
reticulin, and so on, are found within cells or whether 
they are exclusively found outside cells. This alone 
would help us a great deal and is pertinent tc the dis- 
cussions just heard. 


In the more dynamic aspect of the field, it is pos- 
sible to learn a great deal about behavior of cells 
even without handling them, as Dr. Gross says, and 
thus destroying the continuity of action that occurs 
within the living cell. By the use of phase microscopy, 
by the use of bright field or direct methods, coupled 
with methods of stepping up the contrast, using the 
television microscope, and by the use of these very 
profound methods mentioned by Dr. Pfeiffer, it will 
be possible to examine the fibrous structure of proto- 
plasm. 

And I might mention here that it is of the greatest 
importance to consider the nature of the medium 
surrounding the cells, because in changing the osmotic 
pressure by simple dilution of the medium, one cam 
obtain great changes in the appearance of cells but 
not necessarily in their overall morphology. Certain- 
ly one can reduce the protein concentration so that 
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a cell looks very much like a piece of glass, almost 
transparent, with the exception of the organelles, 
which can easily be seen. 

In taking motion pictures of cells of many types, 
and especially more recently in studying the produc- 
tion of filamentary fibrils at the surface and the free 
edges of the connective tissue cells in the rat, this 
work being done on so-called lines of cells that we 
have had for many years, we have found that the 
superficial plasma gel layer is extremely active and 
undergoes very dramatic transformations from a 
solid to a more or less gel state or fibrous state. 

If one could picture a fiber being produced as a 
long crystal, this material is seen to arise from the 
surface of the cell, extend a great distance as a 
fiber of uniform dimensions, and then one sees a kind 
of deliquescence of a certain portion of it or all of it. 
When only a portion of it deliquesces, one sees beads 
of what would seem to be the saturated plasma gel 
layer, receding back on a fiber form, which seems to 
be related to an internal fibrous structure visible as 
aggregates in a living cell and as definite fibers in 
examination of an electronmicrograph. 

I think many things can be done in the way of 
examining cells in media of fairly well defined con- 
stitution, at least as regards the origin of this material. 
One needs only to take the serum of an adult and 
the serum of a young individual and study the be- 
havior of cells in those two differing media. In this 
manner one could easily determine the responses of 
the cell within a given period of time. 


So far as growth potentiality is concerned, one can 
easily determine the fact that the serum of an old in- 
dividual certainly does not make for increased pro- 
liferation. And carrying this still further to the 
cytologic level or to the level of ultrastructure, one 
should be able to obtain some information as to 
whether or not the serum, or let us say the ex- 
tractable extracellular fluid of an old versus a young 
animal, might have a different effect in an examina- 
tion of a culture preparation which had been put in 
such a medium. 

CHAIRMAN 
Dr. Gey. 

Certainly Dr. Gey’s studies on the correlation be- 
tween the living cell and what we see in the electron- 
microscope are bound to contribute very solidly to our 
information of real structures versus artefacts. 

Dr. Duguid from England is in the audience. I 
wonder whether he would care to say something. 

DR. J. B. DUGUID: Thank you very much, sir. 

I really did not intend to say anything this morning, 
but there is one line of investigation which I think 
would be exceedingly helpful in determining the na- 
ture of collagen, and that is a comparison of collagen 
and fibrin. Although a great many histologists have 
satisfied themselves that they know the mechanism 


GROSS: Thank you very much, 
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of organization of fibrin, I think there is still a great 
deal of doubt. From the point of view of the gross 
histologist, there seems to be an almost imperceptible 
change in fibrin of, say, a blood clot, either in tissues 
or in veins or arteries, an imperceptible change where- 
by fibrin becomes practically indistinguishable from 
collagen. There are some who believe that collagen 
may be formed by a metamorphosis of fibrin. That 
is a line of investigation which I think would be 
readily applicable to the electronmicroscopist. 

CHAIRMAN GROSS: Thank you, Dr. Duguid. 

Baitsell some years ago believed he had reasonably 
good evidence that there was such transformation 
from from fibrin to collagen. But I think it is worth 
pointing out, first, that from the electronmicroscope 
point of view fibrin has an entirely different structure. 
It has a period of some 220 Angstrom units. The 
x-ray diffraction pattern is entirely different from 
that of collagen. Second, the amino acid pattern of 
collagen is quite different. In the fibrin clots that 
have lasted any period of time, fibrous organization 
occurs, and there is no doubt that fibrin is absorbed 
and collagen is laid down. This process may seem 
to be a transformation but is most probably a replace- 
ment of fibrin with collagen. 

DR. DUGUID: So far as I know, Baitsell’s in- 
vestigations and the investigations of most of us 
have been confined to the type of collagen that is 
recognizable as collagen histologically with ordinary 
histologic stains, but I find it very difficult to obtain 
direct evidence of absorption from the gross histologic 
point of view. 

CHAIRMAN GROSS: Are there any members 
of the audience who would care to make some com- 
ments ? 

DR. W. MALAMUD: Would you or someone 
else comment on Seligman’s and Victor Ashman’s 
histochemical changes in cells? Do you know of 
their work at Beth Israel? 

CHAIRMAN GROSS: I am acquainted with 
their work, but I would have an expert comment on 
Dr. Seligman’s work. Dr. Dempsey probably knows 
much more about that than anybody here. 

DR. E. W. DEMPSEY: I did not hear the exact 
question. 

CHAIRMAN: Dr. Malamud would like a general 
comment on their work. 

DR. DEMPSEY: That is quite a large order for 
a short time, because they have done a tremendous 
amount of work of different kinds. 

The Seligman and Ashman _ techniques have 
specifically been ones in which they have modified 
chemical reagents so that they believe they can demon- 
strate the presence of ketosteroids in the cells of the 
adrenal, the ovary, the testis, and so on. They have 
modified the reactions of phenylhydrazine and other 
compounds in ways which have allowed them to end 
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up with highly colored substances. I think there is 
good reason to believe that these reactions do give 
evidence of carbonyl groups. Whether it shows the 
presence of carbonyl groups in the ketosteroids which 
are the active hormones of the adrenal cortex is an- 
other question, and one that requires further investi- 
gations, to be sure. 

In addition to that, Seligman has also devised a 
large number of enzyme techniques which have in- 
volved the action of an enzyme upon an ester or 
upon other known compounds, with the end, again, 
of producing a highly colored reagent which is locai- 
ized in the tissue. And these reactions have seemed 
to me, as a morphologist and histochemist, to be some 
of the most brilliant investigations in this field of 
which I am aware. Out of them has come a series 
of methods, which is now quite large, for phos- 
phorylase, esterase, specific lipases, acetychcline ester- 
ase, sulfatase and still further ones if I could remem- 
ber all of the specific enzymes they have worked on. 

But my point is that it has opened up a field of 
isolation and localization of enzymes histologically 
to a degree that never has been possible before. So 
it seems to me that it is quite impressive work that 
has been done by this group of investigators. 

CHAIRMAN GROSS: Thank you very much, 
Dr. Dempsey. 

DR. DEMPSEY: Now that I am up here, | 
wonder whether I could not make one more comment. 
It seemed to me, as I listened to this discussion, that 
perhaps as a morphologist I ought to defend my sub- 
ject slightly from the onslaught of those who believe 
that the only good research is that which leads to a 
highly specific observation or result. Actually, I 
believe the cytologist and morphologist are dealing with 
a phenomenon just as real as that with which the 
chemist deals. Whether the mitochondrion is described 
as an object in space or whether the collagen fiber is 
described by a fingerprint so discrete that it cannot 
be mistaken for anything else, still the fact is that 
each is a phenomenon in its own right, and each as a 
phenomenon is then capable of examination and ex- 
perimentation. 

And I would disagree slightly with Dr. Tunbridge, 
if [ may, when he says that he believes we should 
be wary about forming hypotheses, because I do not 
see how investigations can proceed without the forma- 
tion of hypotheses, which are then tested by experi- 
ments and discarded whenever they do not fit, so that a 
better hypothesis can be formed. The alternate point 
of view is that merely of collecting more and more 
data which have been more and more carefully arrived 
at. But the collection of data alone is almost useless 


GROSS 





unless we can fit them into some kind of workable 
picture out of which generalizations can grow. So 
I should just like to put in a plea for allowing us to 
dream our dreams at any rate. 

CHAIRMAN GROSS: .I am sure that Dr. Tun- 
bridge did not talk against making hypotheses, and | 
would like him to answer that. 

DR. TUNBRIDGE: 
Professor Dempsey. I did not mean it in that sense, 
Being very human, we tend to generalize on our hypo- 
theses, and the picture at the moment becomes a pic- 
ture of all time. I think Professor Dempsey agrees 
with me. We must have our hypotheses, because the 
collection of facts in itself means nothing. I was 
rather making a plea against what I think we are 
perhaps all referring to, and that is jumping about 
fifty moves ahead and assuming that what we find 
interesting in our individual field is universally ap- 
plicable. It is particularly true of age groups. 
Brilliant studies have been made of changes that occur 
in these age groups. 

We have to get our normal basis, but to assume 
that there is a normal process of aging may not be 
correct. I think we should question it. These changes 
are well established but it may be that they have re- 
sulted from varying changes in tissue stresses that 
are manifest in that tissue, and that, if that tissue 
had been given an ideal medium, it might have sur- 
vived three-score years and more without any change 
visible to the chemist, morphologist, or even you or 
I think we are a little too hasty in assuming that 
the changes we describe are typical of aging. 

CHAIRMAN GROSS: Just one comment on Dr. 
Dempsey’s discussion. I hope he does not think that 
those of us who work with other techniques consider 
morphology dead; for example, the electronmicro- 
scopist believes morphology is more alive now than 
ever and that he cannot really get along without 
histology. We need histology so badly that we are 
making a plea for good histology and better histology 
really, and I am sure that the histologists are justi- 
fiably going to come back at us and make a plea 
for much better physical chemistry and much better 
electronmicroscopy, etc. I think it is a situation of 
mutual! respect and a desire to get as much assistance 
from the other fields as possible. 

Are there any other questions from the audience, or 
comments? Any of our speakers? 

DR. PFEIFFER: No, what 
morphology is right. 

CHAIRMAN GROSS: 
adjourned. 


me, 


you said about 


The meeting is declared 


(The meeting adjourned at five o’clock.) 


I would agree entirely with 
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CHAIRMAN LANSING: The first person we 
will hear from this morning will be Dr. Andrew of 
Washington, D. C. 

DR. ANDREW: This report on the mitochondrial 
changes with the age is in the nature of a preliminary 
survey. We have examined the organs of a number 
of rats of various ages, taking a fairly large number 
of organs, 5 in all, with the thought that we might 
get some leads in regard to which ones would be 
better to follow up with more exact studies of what 
happens, if anything, to the mitochondria with ad- 
vancing age. 

We have chosen the pancreas, the salivary glands, 
including the parotid and the submaxillary glands, 
the kidney and the liver, for this survey. In a number 
of these organs we have already made _ histologic 
studies and have found some criteria of advanced age. 

In the pancreas, for instance, there is a prolifera- 
tion of the cells of the intralobular ducts in a ma- 
jority of old animals. In the salivary glands, we find 
in the parotid a large amount of fatty degeneration, 
and both in the parotid and in the submaxillary gland 
we find some aberrant cells, called oncocytes, which 
are large cells developing from certain of the cells 
of the alveoli and having interesting nuclear changes, 
including amitotic division. 

In the liver we have found an increased variation 
in the appearance of the cells. A number of these 
findings have since been confirmed by other authors, 
those on the pancreas by Dr. Korenchevsky; those on 
the salivary glands, to some extent, by Dr. Bauer of 
St. Louis, and those on the liver by Dr. Zorzoli, as 
she told me just yesterday. 

In these organs we are dealing with glandular 
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I. LANSING 


tissue and with cells which we may say belong to the 
reversible postmitotic type, if we are following Dr. 
Cowdry’s classification of cells. These are cells, in 
other words, which ordinarily, in adult life, need not 
and do not undergo mitotic division, but which, under 
proper stimulation need for regeneration, are 
capable of again becoming proliferative cells. So 
they are cells which have a rather long life and in 
which we might expect, perhaps, to see changes. 


or 


We thought it was interesting to study the mito- 
chondria in relation to age to begin studies of this 
type because of the universality of these little 
cytoplasmic organelles, because of variations 
under various physiologic conditions and because of 
the emphasis which has been put upon their import- 
ance recently by studies such as those of Hogeboom, 
Schneider, and Palade, which show that the enzyme 
systems of cells are intimately bound up with the 
mitochondria, e:::ymes such as succino dehydrogenase 
and the cytochrome oxidase. 


their 


Very little has been done in relation to the changes 
in mitochondria with advancing age. Dr. Fernandus 
Payne, however, has done some interesting studies on 
the endocrine glands in aged fowls. In the pituitary 
gland, in the thyroid, and in the adrenal, he has found 
marked mitrochondrial changes, as that the 
mitochondria became globular and then vesicular with 
a very light staining center and large bodies and a 
periphery which stains with a mitochondrial stain. 
These vesicles fuse together and form larger bodies. 


such 


These mitochondrial changes were so marked in the 
pituitary glands that they frequently led to degenera- 
tion of the entire cell body. Of course, in our survey 
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study we are studying the exocrine rather than the 
endocrine glands. 

Our animals were partly Wistar Institute rats and 
partly rats from Columbia University, given us by 
Dr. Simms. Of the Wistar rats, there are 10, 4 of 
them young animals, 65 to 170 days old; 5 of them 
are what we may call old, 500 to 623 days old, and 1 
of these Wistar rats is 745 days old, what we may call 
senile. Of the Columbia University rats, we had 5 
young, 126 to 156 days old, and 7 senile, 912 to 1037 
days of age. 

The tissues were fixed in Champy’s fluid (prepared 
with Ringer’s solution), and they were sectioned at 
44. The stains were hema stains, hematoxylin, which 
stains the mitochondria a bluish-black, and the Alt- 
man’s aniline acid fuchsin, which stains the mitochon- 
dria red. Then by using a green filter we could photo- 
graph the mitochondria as though they were black 
objects. 

The critical observations were made chiefly from 
portions of the sections, pieces that were close to the 
edge, so that the results of time lapse of fixation 
could be obviated to some extent, and we have found 
that the mitochondria seemed to be better preserved 
near the edges of the sections. The slides will show 
some of our findings to date. 

(Slide) This is the pancreas of a middle-aged 
rat. The centers of the alveoli, the apical ends of the 
cells, are filled with dense masses of zymogen 
granules which contain the digestive enzymes. But in 
the basal parts of the cells we see the mitochondria 
as rather thick, well-formed rods, and we will note 
that the distribution of the mitochondria is rather 
uniform from cell to cell, and the entire pancreas in 
the young and middle-aged animals in general pre- 
sents this picture. 

(Slide) This is a portion of pancreas from a 
senile animal, 997 days of age. This is a local area 
(indicating), and in local areas, particularly where 
there seems to be proliferation of duct cells nearby, 
there are mitochondrial changes. One may note again 
the zymogen granules, but the mitochondria are more 
granular. They appear as spheres, and their distribu- 
tion is uneven. There are some cells in which we do 
not see mitochondria but we do have clear vesicles 
which we believe probably represent the mito- 
chondria, for their peripheries do take the mito- 
chondrial stain. 

(Slide) There is another area of a senile pancreas, 
and here the change is even more marked (indicat- 
ing). This is proliferating duct tissue (indicating). 
We see many cells which have vesicles rather than 
definite mitochondria. 

(Slide) This is the parotid gland of a very young 
rat. In the parotid glands of the young and middle- 


aged animals, we find that the mitochondria appear 
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as long-beaded filaments, and this appearance is very 
characteristic. 


(Slide) This is a middle-aged animal. Here jp 





t 


the parotid the entire gland seems to show mito- | 
chondrial change, for the mitochondria are of this 


spheroidal nature. 


We mentioned the oncocytes, very large cells, which ' 


make their appearance chiefly in later age and in 
senility. Of course, we were interested to see what 
the mitochondrial picture would be in them, and it 
seems to be very much the same as in that of the 
surrounding cells of the senile gland. This very 
large cell here (indicating) we consider an oncocyte, 
and the mitochrondrial picture is similar to that in the 
smaller adjoining cells. 

(Slide) This is a parotid gland of a very senile 
individual, and there seem to be marked changes here 
in the cells, including the mitochondria. They are 


still glandular; there are very few, or almost no | 


mitochondria. This is a portion of a duct. 
in the mitochondria, but throughout the alveolar 
tissue we do have these changes, and, of course, we 
have a very conspicuous alveolar type of cytoplasm, 
or spongy type of cytoplasm, in these senile alveoli. 

(Slide) This is the submandibular gland of a 
young rat. The nuclei have been bleached. They are 
bleached more than we usua'ly do with the potassium 
permanganate, but it helps to show the relationship 
of the mitochondria to the nuclear membrane. The 
mitochondria in the submandibular glands of the 
young and middle-aged animal are generally rather 
short, fat rods, a picture that is consistent over the 
entire gland. 

Handen, in 1927, suggested that the mitochondria 
may be seen piercing the nuclear membrane, but in 
preparations of this sort where the nuclei and the 
mitochondria are both conspicuous, we never have 
seen anything of that type. 

(Slide) Another young animal with the nuclei not 
bleached so greatly, and the same general picture of 
the mitochondria is presented. 

(Slide) In the aged submandibular gland, the dif- 
ference in the mitochondria would seem to be that 
they are thinner, more tenuous, somewhat more light- 
ly stained. One gets the impression that the general 
amount of mitochondrial material is less, and we will 
try to work out some quantitative means for studying 
that. But the general pattern is quite a bit different. 

(Slide) Here is another portion of the 
mandibular gland of a very aged rat. This (indicat- 
ing) is a duct, again with little change of the mito- 
chondria. We saw the paucity of the mitochondria 
in many of these alveolar cells. 


sub- 


Here (indicating) is a very large oncocytic cell and 
we see that the pattern and the type of mitochondria 


In the | 
ducts we do not find any particularly marked changes ' 
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in it are not remarkably different from that seen in 
the surrounding senile cells. 


(Slide) We have not done a great deal of work 
on the kidne: but in proximal tubules of the young 
animals, the mitochondria are elongated, rod-shaped 
structures. 

(Slide) In the senile kidney there ‘seems to be a 
definite tendency for the mitochrondria to be broken 
up into granules which retain the orientation of the 
original rods. 

(Slide) The liver of a young animal, 170 days old 
shows a distribution of the mitochondria that is 
rather surprisingly and beautifully uniform from cell 
to cell. Of course, there are very many mitochondria 
here. The cells are well filled. 

(Slide) This is a 745 day old animal. In the senile 
animal there seems to be much more variation from 
one cell to another. This (indicating) is a binucleate 
cell. Here is a cell with iarge areas without mito- 
chondria, and you see the variation as you go from 
one cell to another. 

(Slide) This is another senile liver, and again, and 
even to a greater extent, the variation is seen from 
cells which are simply packed with mitochondrial ma- 
terial to others which have very little mitochondria. 
Here is another binucleate cell. 

So, in conclusion in a survey study of some of the 
exocrine glands of the rat at various ages, we have 
found mitochondrial differences with age. They seem 
to be very consistent in the salivary glands, in the 
parotid and submandibular glands, and less so in the 
kidney, liver, and pancreas. In the latter 3 organs 
they are more local and concise in greater variations 
in the mitochondria and different parts of the organ. 

These studies are being continued. 

CHAIRMAN LANSING: f should like to suggest 
that we move from the specific to the very general 
in discussing these papers. In other words, I am 
proposing that after leading off with specific ques- 
tions pertaining to the subject, we then go off into 
general discussion on aging; begin with the mito- 
chondria, wherever that may take us, and drift to 
any other subject relating to cytoplasm, without go- 
ing too far off. Let’s have a round table discussion 
here on a very full basis. Are there any direct ques- 
tions pertaining to Dr. Andrew’s paper? 

DR. LOWRY: I should like to ask Dr. Andrew 
what happens if you merely starve an animal, 
acutely or chronically. Would you get any changes 
of this sort at all? 

DR. ANDREW: There are changes initially in 
the mitochondria. The literature is somewhat con- 
fused on that, and I would have to do some checking 
back. It is certain, though, the changes are not in 
any way specific, like these that I have described. 

DR. HORVATH: While these changes are very 
interesting, how do they relate to any change in 
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function of the cells? I mean it is nice to see these 
changes, but in many of these instances they fail to 
show any real significant difference in function, at 
least of certain parts of these glandular cells. What 
does this mean? Does it have any bearing at all? I 
think this is an unfair question. 

CHAIRMAN LANSING: I think so, too. 

DR. ANDREW: I think it is the type of question 
that Dr. Lansing was seeking to get in being quite 
general. 

DR. HORVATH: It has been fixed. 

DR. ANDREW: This question of the relationship 
of function to structure is certainly extremely im- 
portant and always worth going into, but I think in 
the particular studies to take up the structure features 
you cannot always expect to relate structure to func- 
tion. 

As far as senile changes go, I believe it is almost 
absurd to think that many of the structural changes 
that we see would not be accompanied by marked 
functional changes. I have not been working with the 
physiologic aspects of certain organs, but when you 
sce a parotid gland in an animal which may have 
undergone 50 per cent or more of fatty degeneration, 
you may be certain that the functional aspects of that 
gland are very different. When you see a pancreas 
in which many granular lobules have been replaced 
by proliferating intracellular duct tissue—it is sort of 
a slow-growing tumor, but found in a majority of 
senile rats—you must think again that there is func- 
tional change. 

My knowledge from the literature on the physiology 
of the rat is not too adequate, but I do not believe 
there have been too many studies made on the 
glandular secretions of that animal as such. There 
have been studies on human saliva, for instance, and 
also on the pancreatic juice, and in those cases there 
has been found a marked decrease in the amount of 
secretion and also in the concentration of the enzymes 
in the juice. 

I think liver function studies would be very inter- 
esting, although in the liver, while there is a lot of 
variation in cells, there seems to be very little or no 
destruction of secreting tissue. I believe that for the 
physiologic studies some of the structural studies may 
help to guide the way or make it of more interest 
to test functions of organs in which we can see other 
organs, in which we cannot see these destructive 
changes from the anatomic standpoint. 

CHAIRMAN LANSING: Dr. Andrew, do you, 
or does anybody else, know of any attempt to isolate 
mitochondria by the fractionation technique and to 
assay enzymatic activity and such fractions? Has 
anyone attempted that sort of thing—I mean as a 
function of age. 


DR. ANDREW: IT think as a function of age 


there have been no such studies, certainly none of 
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which I know. There have been a good many studies 
recently—of course, on fractionation of the mito- 
chondria—but that again is a very interesting pos- 
sibility. 

CHAIRMAN LANSING: I think in connection 
with the morphologic studies, it would be most pro- 
fitable to those interested to compare the activity 
analyses with morphologic changes, if it is feasible. 

DR. ANDREW: That would be a fine bridge 
between structure and function. 

DR. GLINOS: Have you done any studies with 
the regenerating liver on young and old animals, and 
how that would compare with respect to the mito- 
chondria? 

DR. ANDREW: No, we have performed no such 
studies on regenerating liver. Again that is a very 
interesting and worth while suggestion. In regenerat- 
ing liver in general, as in other proliferating tissue, 
you would expect to have more of the rod-shaped 
type of mitochrondria rather than the granules which 
you find in active proliferating cells and which you 
find also in the actively growing hepatomas in liver. 
But that would be a fascinating study to pursue in 
relation to age. 

CHAIRMAN LANSING: I should like to raise 
the question of the relation between the vesicular 
mitochondria. if we can still call them mitochondria, 
and the so-called age pigments. We have been hear- 
ing about age pigments in the literature for about 
sixty or seventy years. They are fairly widely dis- 
tributed, and they are generally characterized as lipid 
granules, highly insoluble, yellow-brown, very loosely 
defined, but apparantly quite widespread. 

I had the opportunity to look at the Fernandus 
Payne slides on pituitary and adrenal of the chick in 
connection with the age changes in the mitochondria, 
and his slides would strongly suggest that there 1s a 
progressive transition from the frank, normal mito- 
chondria, either the elongated mitochondria or the 
spherical with the usual tinctorial properties, to the 
frank yellow-brown age pigment. 

What are your thoughts in regard to that? 

DR. ANDREW: Unfortunately, none of these 
organs show any aging pigment in it—any of these 
organs which were used in this survey. 

CHAIRMAN LANSING: Did not the liver cells? 

DR. ANDREW: I have not seen it. 

CHAIRMAN LANSING: How old were your 
old? 

DR. ANDREW: Nine hundred and ninety-seven 
days. 

CHAIRMAN LANSING: That is old enough. 

DR. HORVATH: The liver is supposed to have 
the most of that, if I recall. 

DR. ANDREW: Age pigment? 
DR. HORVATH: Yes. 
DR. ANDREW: Well, there is room for more 
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| 
study. But Dr. Jayne in our department has been | 
working with the adrenal gland, and he believes that | 
some of the mitochondrial alterations there are prob. | 
ably leading to origin of pigment granules. 

When I said that none of these organs showed 
pigmentary changes, I was thinking that an_ ideal 
place for that type of study, where the mitochondria 
are pretty well spaced out and where the accumula. 
tion of pigment is very definite, would be in the 
nervous system, and I hope that later on we may be 
able to follow up with studies on the nervous sys. 
tem. I will have to go back into study of the liver, 

DR. LOWRY: Dr. Andrew, you said that the 
mitochondria were ideal because they showed changes 
in a variety of conditions. Would you care to elaborate 
on that? Are there any conditions which would pro- 
duce this change other than aging? Of course there 
is always the problem that what you see in aging 
may be a secondary result, and we are all looking for 
primary results. Do you have any information? 

DR. HORVATH: I think wtat Dr. Lowry is 
asking, is there anything else wrong with these 
animals besides being old. 

DR. ANDREW: There are other things wrong. 
They have been kept in our animal roorn. I suppose 
that is one thing that is wrong with them. I did not | 
mean to say that the mitochondria are particularly 
ideal. I believe I stated that they would form inter- 
esting objects of study because they are labile; they 
have been shown to be modified. I had in mind prob- 
lems like nervous stimulation, for instance, of the 
submandibular gland will lead to some swelling of 
the mitochondria and granular formation from the 
rods, and changes in the concentration of sugar in the 
blood will lead to differences in the mitochondria in 
the liver. ; 





Ligating the blood vessels of certain organs will 
lead to a very rapid fragmentation of mitochondria. 
I mean to be serious when T say there are other things 
wrong with these rats. Of course, they all have a 
certain amount of pathology, and we perform an 
autopsy on the animals, but we would not use any 
tissue which was definitely pathologic. We have 
people who know enough to recognize definite pathol- 
ogy, but I do not believe that we are at the stage yet 
where we are going to be able to say that we have 
perfectly normal aged animals. That question runs 
all through the papers in this Congress—what is the 
difference between increasing pathology and_ the 
normal aging process? 

We have more or less the philosophy that we will 
try to obviate conspicuous or definite pathology, but 
we have to use the old animals that are available 
and then compare the picture in those with the pic- 
ture in the younger animals. 

DR. KAMEN: There was one point I did not 
quite catch. You had some slides showing some 
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rather transparent things you cailed globules. Do you 
think thcy might have been mitochondria? I did not 
understand why they are in a transparent state. These 
other slides have the dark stain. 

DR. ANDREW: I did not understand that either, 
that is, the actual why of it. The point there was, 
in many of the cells which lack mitochondria, which 
have mighty few mitochondria, there are present 
vesicular formations which have clear, deep-staining 
centers and deep-staining peripheries; and also in 
those cells in which there are few mitochondria, the 
mitochondria are spheroidal rather than rod-shaped, 
and there seems to be actual transitions to these 
vesicular formations. Of course, in a _ particular 
microscope field it does not show as well as if one is 
able to move the slide around and study the whole 
picture. But that was the picture that we could see, 
as in the material of Fernandus Payne, some change 
from ordinary mitochondria to spherical vesicles. 

DR. GEY: I should like to utter a word of can- 
tion in any evaluation of morphology of mitochondria 
as seen in sections or tissue cultures. A specimen re- 
moved fresh from its organism when it is warm is in 
one state, and when it is chilled, it is in another 
state, and the mitochondria are no exception to a set 
of materials themselves which are liable to change 
as a result of changes in temperature. I recall very 
well an experiment in which we were studying living 
mitochondria. These particular preparations were 
deliberately exposed to room temperature for a while 
and very great changes occurred in the morphology 
of the mitochondria. 


My concept of mitochondria in a living cell leads 
me to believe that in many cells they are long filament 
structures of more or less uniform cross-sectional 
area, even under the influence of stresses that are 
brought about by protoplasmic streaming. When cells 
having such mitochondria are allowed to chill, these 
mitochondria take on rather bizarre shapes, or I 
should modify that and say they become filaments as 
compared to a pear shape, a dumbbell shape, to an 
irregular spherical shape or to a spherical shape. 
Any evaluation of mitochondria from specimens re- 
moved from the organism must take into consideration 
how the tissue was preserved. 

CHAIRMAN LANSING: May I come to the 
support of the morphologist, though, and make the 
comment that if one uses standard procedures, a 
controlled interval of time between killing the 
animal and fixing the materia!, and a carefully stand- 
ardized fixative, a particular tissue will consistently 
yield a mitochondrion of a particular size and shape. 

DR. GEY: I subscribe to that. 

CHAIRMAN LANSING: Another tissue will 
yield another mitochondrion of another size and shape, 
and another one will yield a vesicular mitochondrion— 
at least there is constancy in that particular tissue, 
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even though we are dealing with controlled artifacts, 
as I like to call them. 

DR. HORVATH: I should like to disagree a 
little bit just to help it along. You look at the slides 
of Dr. Andrew or the slides of anybody else. You 
look at one cell and you see in that particular ceil a 
certain pattern of the mitochondria. You look at a 
cell in another slide and you get a slightly different 
pattern. Would this imply that many different cells 
are changing, that they have a different age ratio or 
pattern? 

CHAIRMAN LANSING: I cannot speak for Dr. 
Andrew’s slides, but from my experience a normal 
young animal will show a quite consistent pattern of 
mitochondrial size and shape, while in the older group, 
you begin to get variation. 

DR. HORVATH: The thing I should like to 
bring up is: I do not quite understand why all cells 
have to age in the same pattern at the same rate and 
ratio. Therefore, it would be impossible for me to 
believe that any one particular slide of any one par- 
ticular piece of tissue taken from an animal at any 
time should not show a fair amount of variation. 

DR. ANDREW: I think it is very obvious that 
the cells do show variation, and in many cases that 
variation is greater with increasing age, but in the 
young tissues, in the young and middle-aged tissues, 
the general picture from cell to cell seems to be fair- 
ly constant, rather surprisingly so in a way, because 
you expect these functional differences, say from one 
alveolus to another in different parts of the liver. 
But to my mind, the uniformity of the picture is 
rather surprising. 

As far as technical methods go in the preservation 
of the mitochondria, we all can use more guidance 
and advice along these lines. While we started out by 
killing the animals, we soon decided that it was better 
to give them a sublethal dose of nembutal and then 
clamp off the organ quickly and take our piece of 
tissue and fix it immediately, so that in a way these 
were almost biopsy materials. 

It might be well, too, to have the fixative warmed 
to body temperature. We want to make the technique 
methods as little open to criticism as possible. The 
only other alternative is to study the mitochondria in 
the living tissue and that is not very satisfactory 
when you have organs of a particular architecture 
and you take things out and lacerate them. 

DR. GEY: I might add that as long as you are 
willing to admit that these are important points, that 
in doing ultra-sectioning it is almost imperative to 
do a profusion of specimens. The profusion could be 
an important adjunct to your statement. 

DR. ANDREW: That is what we have just begun 
to initiate. 

CHAIRMAN LANSING: Dr. Carruthers, would 
you care to contribute to the mitochondrial story? 
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DR. CARRUTHERS: I have just one question 
I wanted to ask, whether or not he found any sex 
differences. 

DR. ANDREW: I have not. 

DR. LOWRY: May I just make this point? It 
seems to me that biochemists are often unaware that 
these little things are continually moving back and 
forth. I think I have seen pictures, probably Dr. 
Gey’s own pictures, of these little organs migrating 
from the nucleus to the cell wall. So that it is not 
surprising if there would be a different pattern in one 
cell from that of another, but all within a certain 
framework. 

When you get these extreme changes, that is an- 
other matter, of course. But in these moving pictures 
I was very much impressed by seeing these things 
just moving back and forth. Is this true of somatic 
cells as well as tissue culture cells? 

DR. GEY: I have taken this on as a project 
where we will have an answer maybe in a few years 
from now. In tissue cultures we have now a definite 
concept that the cells take up materials from the 
environment in, let us say, particle form, whether we 
specify fluid or whether we specify true particles. 
These particles are taken in by the process of 
phagocytosis or pinocytosis, or whatever you want to 
call it, and the material is moved in toward a central 
area, a kind of digestive vacuole. 

We have very excellent slides showing how cyto- 
globules will get smaller as they move toward the 
center adjacent to the nucleus. Also, with this type 
of material from the outside, one sees a great in- 
fluence on mitochondria, as they are moved about by 
the streaming protoplasm, or so-called endoplasm, and 
the position of mitochondria can vary very much. It 
has a lot to do with the particular distribution of 
cell and space, as we see it in tissue culture, because 
we do not often get a good look at a cell when it is 
in the rounded-up form. 

In the host where could one get an idea of such 
traific? Must we go to the tadpole’s tail, as Speidel 
has, or we can go to the bat’s wing? Well, we have 
tried to go to the latter. The best that we can do in 
the bat’s wing is to see mitochondria masked by a 
lot of pigment. If we get blond bats, I am sure we 
could do a very good job, not only studying mito- 
chondria, in vivo, but also in plasmocytosis. We set 
out to see if we could see any of the plasmocytes. 

DR. HORVATH: Do you see mitochondrial ac- 
tivity as a consequence of massive particles? Were 
these large particles that you are talking of, what you 
would anticipate? If we do not have the particles, but 
we have ionic exchanges of various sorts, will they 
not do the same thing? 

DR. GEY: Well, I assume that both things go 
on, ionic exchanges as well as these other evidences 
of the cell feeding. 
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DR. HORVATH: I just wanted to get that point 
out. 
DR. GEY: I am not drawing any sharp line here. 


Surely the cell does take in materials at all levels of | 


follicular size. 

CHAIRMAN LANSING: 
subject, I should like to ask Dr. Gey for a little 
information. We have all agreed that under standard 








While we are on the | 


conditions of fixing and staining, one finds variations | 


in the mitochondria—spherical, dumbbell, rod-shaped, 
and so on, but in moving pictures, phase microscopy, 
and so on, of tissue culture cells, I have never seen 
anything other than the rod type mitochondria, and | 
have seen quite a few. Now, is it because you select 
fibroblasts to work with, which only have the rod 
type, or what? 


DR. GEY: My experience with Dr. Lewis’ labora- | 


tory over a period of about a decade is the cells 
that were injured showed fragmentation of mito- 
chondria under all circumstances of injury, and we 
tended to stay away from cells which had fine frag- 
mented mitochondria, assuming that something had 
happened to them. Changes in pH will produce pro- 
found fragmentation of mitochondria. 

It surprised me that in this discussion someone 
does not say where they originate. 

I should like to know very much whether they arise 
de novo or how they grow. 

DR. HORVATH: Dr. Gey, some time back Dr. 
Bass and several other people showed that even in 
various parts of the body the temperature of that 
particular area can change, maybe as much as from 
37 C. as a mean, to as low as 20 C. or below. 

We anticipate, I gather from what you said, that 
in that situation with a living organism you are also 
getting mass changes in mitochondria. 

DR. GEY: I do not say the filament form of mito- 
chondria is a more effective living agent than varia- 
tions in the morphology of bacteria. I should think 
their surface area would be greater and _ perhaps 
they would be more efficient. Maybe that would pro- 
vide them with a mechanism of recovery, because 
they do recover. 

CHAIRMAN LANSING: Remember, of course, 
and I am sure you do, the paper by Margaret Lewis 
in 1912 or 1913, in which the statement is made very 
simply that mitochondria have been observed to divide 
longitudinally into two; that the division of mito- 
chondria has been— 

DR. GEY (interposing): I have a motion picture 
which shows one of these dividing into two full ones. 
I say mitochondria are very plastic and you can pull 
them into all kinds of shapes. This particular mito- 
chondrion comes down one channel. It wants to divide 
into two channels, and so it simply goes down and 
divides into two mitochondria. I should imagine in 
‘his circumstance the two mitochondria represent, each 
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of them, about half of the original bulk. That is well 
documented. 

This is not, however, evidence of binary fission I 
do not believe, in the sense of growth. 

CHAIRMAN LANSING: I do not know. 

I think that was implied by Margaret Lewis in 
her original paper. As far as I know, it has never 
been taken up and elaborated. 

Can we go further with the mitochondrial prob- 
lem? 

DR. ANDREW: I just wanted to make a com- 
ment that I think it is interesting if we are in such 
a state of ignorance in regard to mitochondria, al- 
though we know quite a few facts. It corresponds 
somewhat to the way humanity was with relation to 
the cell about a century ago; we just did not know 
whether cells arose by division or whether they arose 
de novo and there were all sorts of eminent men who 
believed that cells arose because of sort of a process 
of crystallization. 

Then later there were others who thought that the 
nucleus arose in that way, and it is interesting to 
stop and realize that we are in a primitive condition, 
probably, when we consider what science will be a 
hundred years from now to the cytoplasmic organelles. 

DR. SPENCER: What do we know about the 
function of mitochondria? I am asking purely from 
ignorance. This is not my field. But what do we 
know about the function, if anything? 

CHAIRMAN LANSING: Just to start it off, I 
will say that all we know, I believe, is that one can 
associate a large number of enzymes with mito- 
chondria, using methods that are subject to consider- 
able criticism, that give rise to possible problems of 
adsorption. There are all sorts of technical compli- 
cations that come up, but nevertheless it seems that 
one can associate large numbers of enzymes with 
these mitochondria, and also ribonucleoprotein and 
the implication that they are the depots of consider- 
able synthetic activities. 

Is that an unfair statement? 

DR. SMITH: It is true that a number of years 
ago Dr. B. F. Kingsbury made the assumption that 
they had something to do with cell respiration, and 
I thought that there was some evidence now coming 
forward, but perhaps that is not so. 

DR. SPENCER: You can isolate and concentrate 
them to some extent by ultracentrifuge, can you not? 

CHAIRMAN LANSING: Yes. 

DR. HORVATH: There is work being done in 
relation to mitochondria and thyroid hormone activity, 
and that also seems to be in the dilemma state—a 
confliction of results. 

CHAIRMAN LANSING: I think there is a good 
body of circumstantial evidence, but it is entirely cir- 
cumstantial. 

DR. GEY: I just want to add that at the National 
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Cancer Institute there is perhaps the most concerted 
effort of all places made on the functional aspects of 
mitochondria, isolated from cells, but I think the im- 
portant thing there is that they have demonstrated 
that these mitochondria show evidence of activity for 
a period of about two hours after they have been 
isolated, indicating that the respiratory enzymes are 
certainly rich in these mitochondria, and they can 
carry on respiration. 

CHAIRMAN LANSING: The difficulty, though, 
in isolation is that one never knows how much ma- 
terial becomes adsorbed on a particular granule, be 
it pretein or otherwise, and how much was natively 
located either in or on that granule. 

DR. GEY: I think I can give you a good answer 
to that in terms of the methods of fractionation, con- 
sidering what the materials they have left represent 
and what the mitochondria represent in the way of 
activity. 

CHAIRMAN LANSING: Yes. 

DR. GEY: And also they have fairly good ideas 
of constitution. They have been doing a lot of work 
on chemical constitution, also, which puts them in a 
rather well defined category. However, if a mito- 
chondrion had the property of adsorbing things, that 
would nevertheless be a uniform property and it 
would always be there. 

CHAIRMAN LANSING: That is the point dif- 
ficult to cope with. 

DR. SULKIN: I think one has to realize that 
chemical reactions take place on the surface, and the 
mitochondria supply the greater surface of the cell. 
I do not think they have to be actively involved to 
find respiratory activity or any other type of 
enzymatic activity on the surface. 

DR. ANDREW: There have been a lot of studies 
on mitochondria tending to show very specific func- 
tions for them in different types of tissues, a long ser- 
ies of articles on the changes in mitochondria in the 
secretion process in gland cells, articles showing that 
the mitochondria line up to form the epithelial fibril- 
lae in the cytoplasm which have taken on fibrils, and 
as Dr. Lansing has remarked, transformation of mito- 
chondria into pigment granules. Many of these things 
have been rather well supported. They have been 
done by very good workers, and they have been re- 
peated. As a consequence there are changes which 
occur in specific tissues, in the functioning and in the 
differentiation of those tissues, in the mitochondria. 
On the other hand, the fact that the mitochondria are 
found so universally in cells would make one think 
that they are bound up with the cell life, that they 
have functions as organs of the cell, rather than only 
as parts of the economy of the organism of which 
we already know. And not to get off too far into 
purely theoretic speculation, but just to draw some- 
what of an analogy, it may be that we are trying 
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to assign very definite single functions to the mito- 
chondria. We might ask again, what is the function 
of the cell? That answer is an extremely varied one, 
and the mitochondria are certainly as widely distri- 
buted and found in as many varying locations as cells 
themselves. So it may be that as cytoplasmic or- 
ganelles, they have some fundamental functions in 
cell life, and then many specific functions, depending 
on the type of cell. 

CHAIRMAN LANSING: I would suggest that 
we move on to another area. There are more parts 
to cells, and also more activities. 

Dr. Gey will present a paper entitled: “The 
Relationship of the Proliferative Capacity of Cells 
to Aging and Cancer.” 

DR. GEY: There are several aspects of our work 
during the last quarter of a century or more which 
may be of interest to those of you presently engaged 
in the problems of aging at the humoral or the cellu- 
lar level. Perhaps I can touch upon such topics as 
cellular immortality, variation, differentiation, re- 
sponses to injury, whether they be simply protracted 
ones or accumulative, regeneration, and such per- 
manent alterations and pathologic alterations which 
are exemplified by neoplastic transformation. Loss of 
the latter condition may perhaps occur even without 
cell death. 

As regards cell immortality, I can only refer to 
the histories of some of our cell lines that we have 
carried for many, many years, and tell you that some 
of these lines have been extremely stable. 

(Slide) As to immaturity, this first slide will give 
us an example of a normal line of human adult 
fibroblast, which in this case has been grown in adult 
serum for six days. I am glad I brought this slide 
up to emphasize the use of adult serum, because if 
we were to attempt to carry these cultures long in 
adult serum, they would not fare so well in the next 
slide. 


(Slide) We have rather clear cells, which at this 
time have been grown for sixty-nine days in a 50 per 
cent dilution of cord serum. The difference between 
the adult serum and the cord serum represent fairly 
well the extremes in sampling of materials from 
young and old organisms. As I said the other day, 
this gives us a real opportunity to study the re- 
sponses of cells in media ef greatly varying composi- 
tion, if they do vary. I personaliy believe they do. 

In this slide you see cells—they are not clear; there 
are dividing cells present. Here is one (indicating) 
and there is one there. This is nothing but a region 
in the roller tube where the focus is extremely sharp. 
Since it is a curved roller tube, these are out of focus, 
this having a rather light border and this a dark 
(indicating). That is merely a technicality. But the 
two slides are shown merely to illustrate that there 
is much in the way of particles of round cells which 
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may be due to a process known as clasmatosis, or 
pinching off of particles of cells. That would require 
a separate investigation, and I think that perhaps ip 
the future we will consider seriously evaluating at the 
cytologic level, in the manner in which we are able to 
do it—this was work done about 1939—but then only 
to evaluate these particular cell lines to a particular 
media that we were interested in. 

(Slide) In the animal—in this case the rat—] 
should like to show you just a thin spread of cells 
grown on the roller tube in fluid mediz, this repre- 
senting one of the most stable lines that we have. It 
has been under cultivation for thirteen years. It is 
very constant. Another parallel line—I will tell you 
about later—was not stable, and after two and a 
half years’ cultivation, changed to a malignant line, 
and we will show you that a bit later. 

So much then for the normal lines. 
simply examples of cell immortality, if you will, as 
we see it in a test tube. 

(Slide) Here we have a line of sarcoma (319) 
one of the Walker lines. This we have had in our 
laboratory for twenty years, and it is one of the most 
stable tumor lines that I know anything about. I 
will tell you something about its response to injury 
later on. 

All you see is a bunch of cells with many pro- 
cesses. The high powers of these are most brilliant 
things. I show you this only because it is necessary 
here to keep at the same level of magnification. 

At this particular time the preparation had been in 
50 per cent cord serum for 267 days. Adding all sorts 
of media to some of these lines has not altered greatly 
the behavior. That is important. 

(Slide). This is a strain of human carcinoma oi 
the cervix. We have had a great interest in inter- 
actions between normal and malignant cells, and this 
now represents another stable line. Of course, the 
history is still less than a year, but on the basis of 
what I have seen this can be considered a stable line. 
However, this is not of the order of magnitude of 
twenty years, as we have in other examples, but it 
just demonstrates another cell type which I hesitant- 
ingly would say represents a stable line. We have 
many other lines that we work with, and I at this 
juncture can only say we have examples of stable 
lines of cells, whether they be normal or whether 
they be malignant. 


These are 


One must consider, also, what evidence we have 
of variation in cell lines. One of the best examples 
that we know is in our 20 year old strain of human 
chondromyxosarcoma. This line—I think it is about 
three and a half years after it was established— 
showed great variation in the size of the cells, much 
greater than we originally had. This is just an ex- 
ample of one of the giant cells in this line. This was 
taken in 1939. At the time it was 948 days of age. 
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This was grown in nothing but 50 per cent dilution 
of cord serum. It shows an accumulation of vacuoles 
in these cells, both of the watery type and some that 
are denser. For the most part, however, these are the 
large hydropic inclusions. 

CHAIRMAN LANSING: 
cell almost at 12 o’clock? ; 

DR. GEY: This has about 20 nuclei. Here? Yes, 
that is a binucleate cell. So they vary all over the 
place. The cells that have several nuclei, be they 1 
or 3 or 4, are all capable of division. These are not 
products of degeneration. 

This property has remained the same since this 
period some three and a half years after the iine 
was established. 

(Slide) Here we see the same line with its large 
and its small cells ten years later. We are looking, 
you see, at a kind of album of the history of this 
line, only we do not see that “Uncle Willie” is any 
different than it was before when you compare 1939 
with 1949. I could make many comments on this line. 
It is a subject that one could go into at great length. 

DR. SPENCER: Do the big cells reproduce their 
kind? 

DR. GEY: 
ing to make. 

Here in this ten year interval that I am illustrat- 
ing, the cultural behavior of this malignant line of 
human cells has been the same. It has been under 
cultivation over twenty years, and it is just the same 
as it was about 1934 and 1933! 

DR. SPENCER: I mean you have big ones and 
little ones. The big ones breed true, and the little 
ones do ‘not. 

DR. GEY: That gets us into the question of 
potentialities of the two types. I can give you a 
rather brief answer to that. If we follow in a motion 
picture or by direct observation the outcome of a 
large cell division we find that the large cell will 
divide into tiny cells and big ceils, and the big cells 
can have several nuclei. That is a problem for an- 
other day, but it is a fact. It does occur. We have 
polyploidy, and the latter is an example of irregular 
polyploidy. 

I have beautiful motion pictures that demonstrate 
that the big cells can give rise to big cells and little 
cells. We also have good evidence that the little 
cells can also divide. I have a feeling, however, that 
the little cells grow up to be big cells, but I cannot 
be sure of that. That would require a lot of time 
lapse study over periods of days to prove the point. 
But we do have the evidence that these (indicating) 
are all viable things; these are not products of 
degeneration for the most part. There are plenty of 
products of degeneration in culture work. One has 
them because the tissue has to be cut up, it has to be 
chilled, taken out and handled, but so far as the 


Is that a binucleate 


Yes, sir. That is the point I am try- 
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stability of the line is concerned, this line is quite 
stable. 

So you see we have a few examples of cell im- 
mortality as represented by normal and malignant 
lines of man and of animals. 

(Slide) I think differentiation must not be lost 
sight of since it is a natural process in the evolution 
of the adult organism. Perhaps the adult nerve celi 
is cne that is advanced in its differentiation, so ad- 
vanced that it is greatly handicapped. 


One could cite the example of the potential of the 
bladder epithelium when transplanted in the sheath 
of bone. One could cite examples of other cells in 
tissue culture. Here we must use the tissue, dif- 
ferentiating into another line. Dr. Peter Guilliard, of 
Leiden, has given us our best: a 2 year old strain of 
chick periosteal fibroblast grown in media containing 
7 day old extract remained uniform as a stable line, 
for several years. When he shifted to 9 day ex- 
tract, these fibroblasts were changed to bone. 


Undoubtedly in the adult organisin such transforma- 
tions are quite possible. They certainly are possible 
in the germinal epithelium that remains primordial; 
otherwise we would not have our species. 

I do not want to go any further with this, other 
than to say that tissue culture procedures offer many 
opportunities for the study of cell differentiation, 
whether you want to start with an early blastocyst, 
let us say, of the dog, and observe the formative area 
or the extra embryonic area and study potentiali- 
ties of the cells up to any stage you wish. We have 
studied the embryonic area of the dog, have continued 
these studies until the dog was aged 24, and saw a 
few cells start to pulsate, this (indicating) represent- 
ing the anlagen for the heart. We were very inter- 
ested when we showed our culture to Dr. Streeter, 
who believed we could carry them at least until the 
dog started to bark. That would represent an example 
of adulthood, anyway. 

Many comments have been made regarding malig- 
nant transformation, and I could say much about 
that. Having mentioned the embryo, we must not 
forget that embryonic tissues are also liable to malig- 
nant transformation, not only the embryonic area, 
but also the extra embryonic. A good example in 
man is -chorioepithelioma. A comparable pair of 
tissues has always interested me, the normal chorio- 
epithelioma, represented in the plasmotrophoblast and 
cytotrophoblast, and the malignant varieties of 
chorioepithelioma. They represent a kind of human 
malignant cell and its prototype at the embryonic 
level. 

So much then for comments on differentiation. 
Now, cells in the living organism are subject to cir- 
cumstances under which regeneration is necessary. 
Actually, I suppose everything we see in tissue cul- 
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ture is regeneration. 
sense. 

In the field of experimental regeneration, our best 
examples of the differences in young and old tissues, 
in our laboratory at least, is the work of Dr. Glinos. 

(Slide) Dr. Glinos was interested in the problem 
relating to malignancy and wanted to get an elevation 
of the growth potentialities of young and old livers. 
Here I can only show you the figures, 10 and 1, 
which represent the proportionality between the 
numbers of fragments of liver tissue growing from a 
host of animals as compared to the numbers of liver 
fragments which grew from very old animals, and 
you see animals varying through the stages (young, 
adult, and old) which showed variations from 100 per 
cent outgrowth to 8 per cent outgrowth, with about 
a 2 to I ratio of the latent pe:iod. 

If one does a subtotal hepatectomy, as Dr. Glinos 
did in this case, everything seems to be leveled off. 
The young liver shows a latent period, in this par- 
ticular set of experiments, of about thirty-one hours 
with 100 per cent of the young livers growing aiter 
regeneration. The old livers and the adult livers 
behave similarly, and I hope you will ask Dr. Glinos 
questions about this work. I think he should answer 
them. It is his field of operation. But I think it is 
a fascinating thing that the stress placed upon the 
organism following a regenerative effort, or at the 
time of initiation of regenerative effort, should leave 
the tissue in a different state than it was before. 
Perhaps tissues that are not called upon to regularly 
regenerate and cast off accumulated injuries are a lot 
better off than those that cannot do so. 

Now, I should like to say a word about responses 
to injury, because, after all, the older we get the 
more we are subject to an accumulation of multiple 
injuries versus the experience that the young in- 
dividual has. 

We have no examples that I can show you in 
lantern slides of responses to injury in normal cell 
lines. We have histories, and so on, but we do not 
have lantern slides to show, and so I should like to 
give you a simple example of an experience with x- 
radiation. 

(Slide) This is another part of Dr. Glinos’ story, 
which brings out this fact: that in the liver, at the 
period of maximal regeneration, the latent period is 
about 34 hours (at 72 hours) whereas in a period of 
45 days afterwards, the latent period is about 80 
hours. 

Now, the difference between the 34 and 80 is of 
the order of 2 to 1. This does not imply that this 
tissue has not much activity, because when you look 
at the normal livers you see a total blank. This tissue 
was explanted from rats that are, in their adulthood, 
very poor subjects for experimental examination 
under these conditions, since they do not grow, 
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whereas in the case of the regenerating liver, at the 
peak of the mitotic wave, and even as long as 45 days 
afterwards, it is still quite different from the original 
norinal liver. 

Now, cells are subject to injury in the organism, 
Can they shed the effects of injury as readily? What 
do we see in the cultures which might give us an 
example of a protracted recovery from injury? | 
mentioned before we have had in the laboratory the 
Walker rat sarcoma, 319, which is very stable. 

(Slide) Here is an example: there are many 
multipolar cells, beautifully described by Dr. Lewis, 
Dr. Shupper, and a number of others in the story of 
the cytology of this tumor. 

We exposed this line of cells a good many years 
ago, before the war, to varying doses of x-rays, 
gamma rays, neutrons, and other types of radiation, 
such as beta particle radiation, in order to get some 
idea of the effect of different external radiations on 
these cells, and the cellular response of normal and 
malignant lines. 

This preparation (indicating) represents the con- 
dition of that culture after it had received a little 
less than the lethal dose, which was of the order of 
5000 roentgens, this being 4000 roentgens, about 125 
days after the irradiation was given. This represents 
the condition of the control culture at a comparable 
period. 

What happened here was this: the malignant cells 
were damaged. The damage seemed to be in the form 
of the imbibition of fluid, as Dr. Fiailla would 
say, and the production of many tiny vesicles. I 
cannot tell you whether these were all swollen mito- 
chondria; I did not look. It is something to be con- 
sidered. The important thing is that these cells re- 
main in this condition for almost eight months. 

We had an idea when we started this that the x- 
radiation had produced for us a new line of cells, 
altered in their cytologic characteristics as regards 
this particular change. However, gradually there ap- 
peared in the cultures more and more dividing cells 
which produced the picture that we had before, and 
the whole line came back to where it had _ been 
originally. 

We must not forget that these cultures were kept 
under conditions which would normally provide for 
fairly rapid growth. This does not obtain in the 
intact organism ercept under conditions of wounding 
and where the organism is growing rapidly. We are 
more or less a static, dormant organism as a whole, 
and replacement occurs in only certain regions at a 
rapid rate, and in other places, slowly, and I would 
say injury to ourselves may require protracted periods 
before we recover. 

CHAIRMAN LANSING: In the eight months’ 
period during which you had altered cells, was there 
active cell division? 
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DR. GEY: No, there was not. 

CHAIRMAN LANSING: These cells were sus- 
pended, then? 

DR. GEY: That is right. 

CHAIRMAN LANSING: They do not corre- 
spond to your model classifications ? 

DR. GEY: Keep in mind we had to manipulate 
these cultures, and manipulation of cultures over an 
eight months’ period would involve some shifts in 
cell population, crowding and immigration. So the 
cells had to perform work; they were not just sitting 
on the glass, or in the glass, in this case. We did cut 
them up. We took them out of the culture and we 
did put them into new tubes, and they were asked to 
perform a job, to migrate out into the medium. We 
had difficulty at some of the stages in finding dividing 
cells. Later on we found them. 

(Slide) One might even stretch a point and go to 
another consideration of an example of cell injury. 
Here I refer to the response of the cell to a virus. 
After all, we speak of bacteria and viruses as being 
ubiquitous, and we cannot escape the problem. They 
are there and we must face them. What does a virus 
such as eastern equine encephalitis do to a comparable 
pair of normal and malignant cells? These are some 
normal cells from the line I first showed you as a 
stable line of rat mesenchyme. We added eastern 
equine encephalitis to this culture and nothing hap- 
pened. It is refractory. We add it to other lines 
of normal rat cells and they succumb. So you have 
a great variation in cellular response to the infectious 
agent. If we add it to the malignant derivative—this 
is our tumor, 3,333, which arose two and a half years 
after one of the parallel lines of this (indicating) 
was set up—this strain dies very quickly. It is highly 
susceptible. So we have here, you see, an example of 
difierences in susceptibility of normal cells and dif- 
ferences in susceptibility of a comparable pair of 
normal and malignant cells. 

(Slide) I could add a little more—and I think it 
is important that we should—about the possible 
cumulative aspects of viral growth in cells. 

(Slide) One of the lines that originated from the 
same rat (from which the others originated shown 
earlier) is shown here. This is tumor line 72 which 
we have had growing since about 1939. When we add 
the virus of eastern equine encephalitis to this line, 
we have neither complete resistance nor do we have 
complete susceptibility. We have an intermediate 
state. One might call it the carrier state. In such a 
culture infected with equine encephalitis we see a 
large giant cell that had been killed by the virus. 

There are other bits of cell debris present, which 
Present the product of cell injury and death as a 
result of the attack by this virus on them. Here we 
see a perfectly healthy multinucleated cell—there are 
about 20 nuclei—and there are many cells in division. 
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You have all heard a great deal about people har- 
boring viri, probably a lot about why your immune 
titer stays up. This would give you a clue as to how 
it could possibly happen. In a cell population, a virus 
which can neither kill all of the cells nor overwhelm 
a tissue such as this, even a tumor, could easily re- 
main in a local tissue, killing only a few cells at a 
time, and thereby allowing an elaboration of virus 
sufficient to keep the immune titer up. I cannot say 
that we have evidence that young and old tissues vary 
greatly in their susceptibility in this particular species 
of animal. We know, however, that there is very 
good evidence that the embryo is an ideal tissue sub- 
strate for some types of virus, whereas shortly after 
birth, or shortly after the egg is hatched, the story 
changes. 

There is a lot to be done in this field. I do not 
know whether this is of great importance in con- 
nection with cellular aging or not, but it may well 
be. I cannot give you the answer on this normal 
line as to what it was like as an embryo, but that is 
something that we still could do and get an answer. 

(Slide) I mentioned something about neopiastic 
transformation of cells in culture. I should like to 
say that the evidences that we have in tissue culture, 
of stability of lines, of variation in lines, must also 
include a statement regarding the fact that cell lines 
can become malignant in tissue culture. 

(Slide) Here again we have this normal cell line 
and a tumor derivative. These are greatly different 
cells. We have spoken of their differences in sus- 
ceptibility, say, to eastern equine encephalitis. There 
are also very great differences in the composition and 
the metabolic pattern and the cytology of these cells, 
which I cannot go into at this point. 

We have had four such conversions in tissue cul- 
ture, but, of course, we should like to have more 
evidence in other species. 

Dr. Earle has worked with the mouse, and he and 
Dr. Katharine Sanford have given a beautiful demon- 
stration of what the mouse tissue can do, both in 
respect to carcinogenic materials, such as 20 methyl- 
cholanthrene and in response to just sample culturing 
the cells in vitro, as Dr. Sanford has just demon- 
strated with strains of cells set up with highly in- 
bred lines of mice. 

So we do have examples of malignant transforma- 
tion. I am sorry that we cannot give you a clue as 
to what causes the transformation. In this case, the 
dominant component of the medium in which we 
grow the cells is human placental cord serum, and, 
as you know, it could contain anywhere from 25 to 
125 International Units of estrogen. It is anybody’s 
guess as to whether this is a high concentration of 
estrogen. I would say that it was. And, of course, 
there are many other products of cellular activity 
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which could constitute internal or endogenous car- 
cinogenic materials. 

I showed you a slide which would succumb to 
virus, a cell which was immune to virus, and one 
that was intermediate. 

You all know something about the role of virus 
in producing tumors in fowls in rabbits, and in other 
animals. We are not so sure that such a condition 
exists in man, yet we must keep in mind that viruses 
require satisfactory substrate. The cells can harbor 
a virus. The cells respond so favorably under some 
circumstances that they are killed, and one must not 
forget, therefore, that such a self-duplicating entity 
within the cell might change it a great deal; in fact, 
completely handicap an organ and help in the so- 
called aging process, or at least hurry up the death 
of an individual. 

(Slide) This is just another example of the cell 
line in which we have the carrier state. This is our 
cell line, 72, that I showed you a a higher power 
before, the one that had the large degenerating giant 
cell. 

I should like to take up the last consideration that 
I think is important here in connection with an 
evaluation of what we see in tissue cultures. This 
pertains to the question of cells supporting one an- 
other and the question of loss of malignancy. Here 
we see a photograph of a strain of malignant lympho- 
blasts of the mouse growing in a background sub- 
strate of mouse fibroblasts. 

This is the work of Dr. Dubriner from our labora- 
tory and from her laboratory in Holland, and to me 
is one of the most excellent examples as to what can 
happen to the malignant lines. You recall that I 
mentioned something about the stability of malignant 
lines. I said in my abstract that those cells that we 
have observed show stability, whereas a few have 
shown variation. This cell line underwent some in- 
jury during cultivation, which caused the fibroblasts 
to become greatly vacuolated. The fibroblasts died 
out, the lymphoblasts remained, and Dr. Dubriner was 
very happy because this was the first time in our 
experience that she had been able to grow the 
malignant lymphoblasts away from the supporting 
mesenchyme. 


(Slide) These are just a few phase contrast 
images of these microblasts now derived from a 
mixed culture and growing without a supporting 
fibroblastic stroma. However, in this very pure line, 
derived from a cross between a C 57 black and a 
DBA mouse, we have an example of loss of malig- 
nancy, if you will, because the line without its sup- 
porting stroma is no longer*able to produce a tumor. 

We have some other examples of this in some of 
the work of Dr. Earle and in our own attempts at 
times to get tumors from lines which were originally 
malignant with failure, but the difference here is 
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mesenchyme. 

The loss of viability on the part of a one-cell sys. 
tem could very greatly affect the well-being of the 
host as a whole, and it is for that reason that | 
should like to emphasize that loss of the supporting 
cell system might be important in aging. 
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We have chosen from our files a few histories in 
order to point out some of the things that we have 








seen, and I hope that we have impressed you with the | 


formidable character of some of the aspects of this 
line of endeavor. We have perhaps answered a few 
questions. I am sure we have identified a host of 
problems, and if I may add one problem that is im- 
portant, I would say that the recovery process fol- 
lowing injury is as important as any that I can think 
of in an evaluation of cellular aging. 

CHAIRMAN LANSING: Dr. Gey has raised a 
number of very important questions that we could 
discuss indefinitely and profitably. I should like to 
open the discussion, though, by directing a question 
to you, Dr. Gey, in regard to your opening state- 
ments on cell immortality. You offered your ex- 
amples of tissue cultures as instances of cell im- 
mortality. I wonder whether that is really warranted. 
By cell immortality we mean the prolonged, inde- 
finite longevity of a particular cell, whereas you were 
giving us examples of prolonged longevity of lines of 
cells. You have mortality of cells along the line, loss 
of cells, accompanied by perpetuation of small frac- 
tions of a line, much as a species is perpetuated 
through a germ plasm. 

DR. GEY: I do not see how we can possibly 
carry on an experimental program unless we de it 
within the framework of methods available for the 
handling of tissues and examination of tissues. The 
minute we try to prolong the activity of 4 static 
population of cells—that is what you are referring to, 
or is it? 

CHAIRMAN LANSING: No, not really. I am 
not challenging the problems involved in tissue cul- 
ture, but merely the implication that we have cell im- 
mortality here. You have line immortality, species 
immortality, not cell immortality. I do not think 
that that phrase properly fits the situation. 

DR. GEY: Well, it is immortality as we see it 
under these circumstances. 

CHAIRMAN LANSING: Of a line, not a cell. 

DR. HORVATH: It is a question of semantics. 

DR. SPENCER: I would even agree to the word 
“species” mortality. You have only carried 8 or 9. 


DR. GEY: Twenty years. 

DR. SPENCER: Twenty years is a short time. 
DR. GEY: To us, it is a long time. 

DR. SPENCER: But immortality is forever. 
DR. GEY: Yes, that is right. 

DR. SPENCER: The term immortality means 
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forever. That is a very long time. 

DR. GEY: Well, it is a kind of immortality. This 
is a thing I picked up here at the meeting. I did 
not bring it from Baltimore. Stable lines are im- 
portant in my concept. 

DR. SPENCER: Why did you use it? 

DR. GEY: I use it because of or in terms of. the 
histcrical period we are dealing with, the cells ap- 
parently have immortality. 

DR. HORVATH: The lines have immortality. 

DR. GEY: All right, the lines. But they are cells, 
are they not? 

DR. SPENCER: Why not say indefinite survival, 
not immortality? You have a much better term, 
semantically, and it more clearly expresses what you 
mean, as far as we know. 

DR. GEY: All right, let us change it to indefinite 
survival all the way through the paper. I am quite 
happy if you will do it. It matters littie to me be- 
cause I do think this is perhaps an example. 

DR. HORVATH: For example, the point comes 
up as to whether if you took this tissue culture that 
you have after twenty days and then took a specimen 
and transferred it, would it survive as well as the 
one that you started to take the sample out of in 
seven hours? There is an equivocation in those two 
cases. The implication of the liver work, for in- 
stance, would suggest that. 

DR. GEY: I say if one is going to ask a given 
organ to do a special job, he must provide the condi- 
tions that the host can provide to do that job. If you 
are talking about cell growth—and that is about the 
only thing that you can estimate here—you have to 
provide the conditions that the tissue culture provides 
for cell growth. If you are not able to do that, you 
cannot make such statements. 

I would say if we had the proper conditions for 
cultivating all the cells of the body, we would then 
be able to answer all the questions relating to cell 
immortality. But at the moment we are able to grow 
only a few types of cells from the animals and in- 
dividuals available. That is quite a job in itself. 
Growing all the cells is a considerable problem. 

CHAIRMAN LANSING: The reason I raised 
the question was to raise another question: whether 
cell immortality as such exists. Even in the Protozoa 
we do not have immortality, forgetting the problem 
of cell division and the loss of individuality by cell 
division. Lines do die out under the most ideal cir- 
cumstances in the presence of autogamy and conjuga- 
tion. That has been beautifully shown by Jennings 
and many others. 

I wonder whether there is such a thing as im- 
mortality. 

DR. SPENCER: I feel very strongly on that. 

DR. GEY: Perhaps within a species one might 
speak of such. I do not think man has as yet created 
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what has occurred in nature in the time interval in 
which we have been operating, that is, the shift 
from one species to another. I have heard people 
give examples but I am not quite satisfied with them. 

The cockroach is found in our fossil remains of 
many years ago. As I understand it from the experts 
who work on fossil material, the cockroach has been 
the same for a very long time. 

DR. SPENCER: Yes, but the record in the 
sedimentary rocks indicates very clearly that thou- 
sands more species have come and gone than exist 
today. 

DR. GEY: Well, maybe there were viruses and 
maybe there were conditions— 

DR. SPENCER: Well, regardless of what did it, 
they have come and gone. They have not been im- 
mortal. 

DR. GEY: But, you see, you have to consider 
conditions which are unfavorable for existence versus 
conditions which would provide for everything as in 
your experiments. 

DR. SPENCER: 
tions. 

DR. GEY: How do you know they are ideal? 
That is the point. 

DR. SPENCER: Well, that is very true. We do 
not know what is ideal, ideal so far as we can tell, 
so far as food supply, so far as the right temperature 
for cell division, so far as complete freedom from 
injury is concerned. You cannot go beyond that. And 
still they go out. Dr. Lansing had the same experi- 
ence, and we have been doing them several different 
ways. You can provide environments that will erode 
away a population in several different ways. It has 
been done. 

It is all right to use the word immortality, or let 
us say indefinite period of survival, if we say as far 
as we know or as far as we have gone. 

DR. KAMEN: My only experience with growth 
and aging is that which has to do with accumulations 
of bacteria. So far as they are concerned, there seems 
to be no such thing as immortality or indefinite 
survival. 

What you should talk about is the relationship of 
the experimental period to the generation time. That 
is what should be talked about in connection with 
survival, not mere time. Of course, I do not know 
what the half life of the liver cell is. 

DR. GEY: The half life of so many of our cells 
is about a week. 

DR. KAMEN: I think it would be a good idea to 
arrange some sort of index involving the ratio of the 
experimental period to the generation time. That 
is more important than the actual chronology. Any- 
way, as far as I can see, the problem of aging 
should be studied first under conditions where at least 
the medium is reproducible. 


Well, we provide ideal condi- 
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DR. GEY: Nothing would please me more than 
to be able to work with bacteria rather than cells. 


I have a feeling that if you would take a vote 
on it among those interested, we would soon be told 
that we should continue with the work on cells. 

DR. KAMEN: Yes, that is what I meant when I 
said we want to study human aging. 

I want to ask Dr. Lansing, who has had experi- 
ence with this, what is known about the aging of 
bacteria. 

CHAIRMAN LANSING: There is a man here 
who can answer that much better—Dr. Spencer. 

DR. SPENCER: I think it depends upon what 
species you deal with. I believe—and I must say this 
is a belief—that all living units, whether you are 
dealing with a cell, an individual, or a species, have 
fairly definite life expectancies, and one can modify 
them. We took a particular variety of Paramecia 
that under normal laboratory conditions dies in eight 
and a half to nine years, using 6 clones going along 
together. If we add very small amounts of unfilter- 
able agents like crystal violet, 25 Y per cc., they will 
live a year or two years, but they will go through 
that same cycle youthful vigor, maturity, senescence, 
and death. I just cannot help but believe that there 
is inherent in each species a definite life expectancy. 
Within each species there are different life expect- 
ancies because of heredity. For instance, you and I 
have different life expectancies because of our heredi- 
ties. On the assumption, of course, that our environ- 
ment would be essentially the same, we would have a 
very different life expectancy. 

CHAIRMAN LANSING: I think the essential 
and important point is that under very favorable con- 
ditions of culturing organisms, whether they be bac- 
teria or tissue culture cells, longevity is extended by 
conditions favoring active growth. Regular transfers 
of small portions of cultures are essential in both 
tissue culture and unicellular organism cultures. 

DR. GEY: I would not use the term active. 

CHAIRMAN LANSING: Growth? 

DR. GEY: All right, growth. 

CHAIRMAN LANSING: 
growth. 


Conditions favoring 

One can get a measure of potential immortality or 
indefinite longevity, and that, it seems to me, is a 
very fundamental point because, if there is anything 
that seems to be common experience in work on 
aging, it is that growth and aging are incompatible. 
Things that are growing do not age. It is only cells 
or organisms in a static state, full grown, that age. 
We see it in McCay’s experiments on rats. 

DR. HORVATH: What about these bacteria 
which, in their static state, apparently have a chance 
to continue through a period of growth? 

CHAIRMAN LANSING: McCay 
growth. 


suspended 
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DR. HORVATH: Steady state? 

CHAIRMAN LANSING: Static state. 

If one suspends growth during the immature phase 
of the life span, whether it be the rat, a flat worm, 
a cladoceran, or a rotifer one suspends aging. The 
animal has to go through the maturation phase in 
order to age. There are all kinds of experiments that 
point up this essential anomalous relation between 








growth and aging. There is a beautiful experiment | 


by Sonneborn that I keep bringing up repeatedly. It 
was not designed to deal with aging particularly, but 
it tells us more, I think, than any experiment that 
has been performed. 

DR. LOWRY: It is unfortunate that in man we 
are primarily concerned with the longevity of cells 
that are not dividing: nerve cells, muscle fibers, | 
imagine that our livers, in general, provided we keep 
away from obvious pathology, will last long enough. 
It is the cells that do not divide wherein the major 
problem lies, is that not true? 

CHAIRMAN LANSING: Yes, and _ actually 
when we think in terms of growth, it is not always 
by cell multiplication. Turnover and replacement of 
protoplasm can constitute growth, too. 

DR. GLINOS: But I think it depends on the level 
that you are talking about. If you are talking about 
tissue aging, then, of course, the regeneration of 
cells contributes to warding off aging or to reversing 
aging. You can talk about the rejuvenation of the 
tissue at the tissue level. If you talk about the cell 
level, with regard to Dr. Gey’s cultures, it should be 
pointed out that tissues in the organ which would 
age and die were kept going for indefinite periods. In 
the case of the rat strains, he has had them for 
eighteen years. That is about 6 times the average 
length of life of the rat, which is three years. The 
tissues, as a whole, were kept on much more inde- 
finitely than the life span of the rat. 

CHAIRMAN LANSING: Well, we have heard 
from the morphologist, and we have heard from the 
experimentalist. May we hear from the biochemist? 

(Dr. C. Carruthers presented his paper, which was 
not recorded.) 

CHAIRMAN LANSING: The hour is growing 
late, and I do not want to prolong the session too 
much. I just wonder whether there are some general 
biochemical topics we can consider before we ad- 
journ. I meant to ask Dr. Andrew earlier, and in the 
course of the discussion it got away from me, do 
the mitochondrial studies imply any qualitative or 
semiquantitative changes in ribonucleoprotein? 

DR. ANDREW: We do not know. 

CHAIRMAN LANSING: I have in mind that 
there have been several publications which, surpris- 
ingly, indicate no shift with age in either the ribo- 
nucleoprotein or the desoxyribonucleoprotein. Dr. 
Lowry did it some years ago. Schultz did it recently 


Saieieneeticeaematl 








in Ol 
that 
nucl 
may 
raise 
rece 
oxy! 
least 
I th 
And 
stud 
D 
lieve 
deso 
in d 
stair 
we ( 
as 0 
some 
prot 
cells 
not 
reac 
seni! 
port 
pres 
me. 
on t 
Cc 
anal 
D 
I 
it is 
C 
liver 
D 
be ¢ 
c 
ques 
talk 
prot 
prot 
is a 
as 1 
leas 
mat 
and 
prot 
we 
acct 


ire phase 
at worm, 
ing. The 
phase in 
ents that 
between 


periment | 


tedly. It 
larly, but 
nent that 


man we 
of cells 
fibers, I 
we keep 
* enough. 
ne major 


actually, 
it always 
ement of 


the level 
ng about 
ation of 
reversing 
n of the 
the cell 
should be 
‘h would 
riods. In 
hem for 
average 
ars. The 


ore inde- 


ve heard 
from the 
*hemist? 
hich was 


growing 
ssion too 
e general 
we ad- 
nd in the 
1 me, do 
tative of 


1ind that 
surpris- 
the ribo- 
sin. Dr. 
recently 





CELLULAR AGING 


in our laboratory, and I think there are 3 or 4 others 
that indicate a surprising constancy with age in 
nucleoprotein. I wonder, however, whether there 
may be redistribution of it within the cell. That 
raises the question of how one reconciles the more 
recent demonstrations of lack of turnover in des- 
oxyribonucleoprotein with the apparent changes, at 
least tinctorial changes, in nuclei with advancing age. 
I think there is room for a lot of work here; Dr. 
Andrew perhaps can comment on this point. He has 
studied nuclear changes with age. 

DR. ANDREW: From the cytologic side I be- 
lieve that there are some visible changes in the 
desoxyribonucleic acid and in the ribonucleoproteins 
in different systems. In the nervous system, certainly 
stains show an increase in staining capacity of what 
we call the nuclear sac, and a much less clear nucleus 
as opposed to those stained in the senile animals. In 
some of the glands also, I believe the ribonucleo- 
protein in the basophilic material in the pancreatic 
cells, for instance, is much reduced with age. It is 
not difficult to see because in the young animals it 
reaches well up around the nucleus, whereas in the 
senile animals it usually is down close to the basal 
portion of the cell. Those are simple cytologic im- 
pressions, and yet they have seemed rather definite to 
me. I think that other work to which you refer is 
on the basis of mass analysis of the tissue. 

CHAIRMAN LANSING: Yes, direct chemical 
analysis. 

DR. ANDREW: Biochemical analysis. 

I do not know how to reconcile the two. 
it is on the basis of tissues studied. 

CHAIRMAN LANSING: These studies were on 
liver. 

DR. ANDREW: The point of redistribution might 
be quite important. 

CHAIRMAN LANSING: That is why I raise the 
question. I meant to ask it before when we were 
talking about mitochondria and that leads us into the 
problem of turnover, which again is at the root of the 
problem of aging. As I have said repeatedly, aging 
is actually a biologic anomaly. There is no such thing 
as normal aging. Living things should not age, at 
least theoretically. The basic definition of living 
material is that it has the capacity to rebuild itself 
and reconstitute itself. I do it as I talk. I am using 
protoplasm and making new protoplasm. As a result, 
we have active exchange and replacement. I am not 
accumulating old atoms and molecules; I am getting 
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new ones constantly. And so long as the capacity for 
self-synthesis and renewal exists, how can there be 
aging unless there is failure of that system? Are 
there failures in the turnover capacity of the cell 
with age? Are there any measurements of turnover? 
I do not know of any. 

DR. ANDREW: It might be, Dr. Lansing, then, 
that if we could continue long enough, we could 
prevent the normal aging process. 

CHAIRMAN LANSING: Very well put, sir. 

That to me is the basic problem involved in aging. 
There must be failure of the capacity for reconstitu- 
tion in order to have aging. Turnover studies would 
be most profitable. The DNA gave us very surprising 
results. 

DR. HORVATH: You really do not mean failure 
in capacity, but at least lack of stimulus to that 
capacity. Would that not be better? 

CHAIRMAN LANSING: Of course. 

DR. KAMEN: Are there many data on the 
change in turnover with disease processes? I do not 
know of any. It has been bad enough measuring 
it in normal animals. 

CHAIRMAN LANSING: Exactly. Of course, 
the tools and the procedures are still fairly new. 

DR. KAMEN: The trouble with turnover measure- 
ments in an organism is that you have diffusion turn- 
over, you have chemical turnover, and what you want 
is the chemical turnover. And so far I have not seen 
any really good demarcation of these two effects in 
the case of an organized living thing. In the case of 
the single-cell things, you also have trouble in what 
is called equilibration methods, also in turnover. 

If you go to single cells, you have to prove that 
you are actually in a steady state, which means care- 
ful measurements of the composition before and 
after. Nobody can do better than 1 y¥ usually in 
some of these things and that might be the whole 
thing. It might not have turnover. It might be merely 
a synthesis or a deposition. So it is very difficult to 
prove turnover; that is why I think there are few 
turnover measurements as such. There are data on 
deposition, but I do not think it has been done on 
turnover. 

CHAIRMAN LANSING: I think the time has 
come for a reconstitution of our bodies. 


The meeting is adjourned. 


(The meeting adjourned at twelve o'clock.) 
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Directors of the project were Robert J. Havighurst, 
chairman of the University’s Committee on Human 
Development, and Dr. Jack Weinberg, assistant pro- 
fessor of psychiatry at the University of Illinois and 
adjunct in psychiatry at Michael Reese Hospital. Dr. 
Ethel Shanas served as director of research, and Mrs. 
Mary Little co-ordinated the training programs upon 
which this research project was based. 


the Florida State Improvement Commission, Post 
Office Box 930, Tallahassee, Florida. 


Conference on Longevity 


The Gordon Research Conferences, sponsored by 
the American Association for the Advancement oi 
Science, held a Conference on Longevity, June 30 to 
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The hieroglyphics, “The Beginning of the Book for Transforming an Old Man into a Youth,” 
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July 4, 1952, at the New Hampton School, New 
Hampton, New Hampshire, under the chairmanship 
of Dr. W. A. Sawyer, Medical Consultant, Eastman 
Kodak Company. The conference dealt with such 
diverse aspects as religion, public health, genetics, 
statesmanship, foreign relations, economics, and med- 
icine. 

Speakers and discussion leaders included Prof. P. 
Taietz, Cornell University; Prof. R. J. Williams, 
University of Texas; Dr. I. Gladston, New York 
Academy of Medicine; Dr. L. J. Reed, Johns Hop- 
kins University; Dr. C. M. McCay, Cornell Uni- 
versity; Mr. R. Stevens, Arthur D. Little, Inc., Cam- 
bridge, Mass.; Mr. W. J. Cohen, Social Security 
Administration, Washington, D. C.; Dr. S. Hiltner, 
Chicago Theological Seminary; Prof. M. Lambie, 
Harvard University; and Dr. K. Hickman, Eastman 
Kodak Company. 

The purpose of the conference was to extend the 
frontier of science by fostering a free and informal 
exchange of ideas between persons actively interested 
in the problems of aging. 


Australian Medical Congress 


The eighth session of the Australian Medical Con- 
gress was held in Melbourne, August 26-29, 1952. 
Ten scientific meetings devoted to subjects of more 
or less general interest were held on the first two days. 
The last two days were devoted to meetings of 15 
specialist sections. 

The meeting on Medical Care of the Aged was 
under the chairmanship of Dr. W. W. S. Johnston. 
Speakers included Dr. A. B. McCutcheon on “Geri- 
atrics as a Social Problem,” Dr. Ralph Wishaw on 
“Acute Medical Conditions in the Aged,” Dr. J. W. S. 
Laidley on “Limitations of Surgery in the Aged,” 
Dr. Gilbert Troup on “Anaesthetic Management of 
Patients over the age of 65,” and Dr. A. T. Edwards 
on “Psychology of the Aged.” 


CURRENT COMMENT 


New Sheltered Workshop Building 


On Sunday, June 8, 1952, the Montefiore Home 
in Cleveland dedicated its new Sheltered Workshop 
Building, which provides more facilities for the work 
projects in which Montefiore’s elderly residents par- 
ticipate. 

The program opened with a welcome by Edward 
Schultz, president of the Home, and dedication of the 
building by Julius Bloomberg, program chairman. 
“A Dream Come True” was the subject of the talk 
by Julius Weil, executive director, summarizing the 
growth of Montefiore’s workshop projects. Guest 
speaker was Dr. Clark Tibbitts, chairman of the 
National Committee on Aging, Federal Security 
Agency, on “The Importance of Sheltered Workshops 
in Homes for Older People.” 


Commission on Chronic Illness 


On July 1, 1952, the Commission staff opened new 
national headquarters offices at 615 North Wolfe 
Street in Baltimore. Dr. Dean W. Roberts assumed 
his new duties as commission director on that date. 
Office space in Baltimore has been provided by the 
Johns Hopkins University School of Hygiene and 
Public Health. The Commission, during its two years 
in Chicago, occupied office space donated by the Amer- 
ican Medical Association, one of the four organiza- 
tions that founded the Commission in 1949. 


Mexican Courses in Geriatrics 


Courses in geriatrics, sponsored by the Academia 
Mexicana de Gerontologia and the Sociedad Mexicana 
de Geriatria, were begun by Dr. Manuel Payno, June 
19 in the Escuela Nacional de Medicina, in Mexico 
City. Beginning July 8, these courses will be given 
each Tuesday and Thursday. 
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Report on Gerontologic Activities in Ireland 


JOHN F. FLEETWOOD 


THE year 1951 was one of beginnings in gerontologic 
and geriatric activities in Ireland. 

At the end of 1950 Cumann Gerontologie na h- 
Eireann (The Irisi: Gerontological Society) was 
founded under the presidency of W. J. E. Jessop, 
Professor of Physiology in the Royal College of 
Surgeons. The Society was formally inaugurated at 
a dinner given to Professor E. C. Dodds, of the 
Middlesex Hospital, London, who discussed various 
aspects of gerontologic research with the members. 

In September, 1951, the Society was represented by 
the Secretary, Dr. John Fleetwood, at the Second 
International Gerontological Congress in St. Louis, 
Missouri. Dr. Fleetwood presented a preliminary re- 
port on the treatment of cerebral arteriosclerosis with 
nicotinamide. 

At present an investigation of blood counts and 
hemoglobin levels in patients over 65 is being con- 
ducted under the auspices of the Society by Dr. P. D. 
J. Holland. 

Dr. J. R. Mahon, a member of the Society, is in- 
dependently compiling data relating to the aged popu- 
lation of a rural area. 


Professor John Dunne, R.M.S., of Grangegorman 
Mental Hospital in a communication to the Society 
laid stress on the fact that many aged people are ad- 
mitted to mental hospitals for custodial care which 
should be obtainable elsewhere. 

Successive Ministers of Health have expressed their 
concern with the problem of an aging population. In 
Carrick-on-Shannon an experimental geriatric unit 
has been established in the County Hospital conducted 
by the local health authority, and in other hospitals 
throughout the country geriatric departments are 
actively operating. 

In Dublin a geriatric department dealing mainly 
with surgical problems has been conducted for about 
a year in one of the voluntary hospitals. 

Throughout Southern Ireland the Irish Red Cross 
Society and other voluntary bodies continue their so- 
cial work on behalf of the older members of the com- 
munity. In the North of Ireland the Northern Ire- 
land Council of Social Welfare coordinates much of 
the work being done in this field. 
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GERONTOLOGIC REVIEWS 


Experiments with Some Mitotic Poisons 


P. RONDONI 


HE study of disturbances in mitotic divisions 
may be introduced into the field of ger- 
ontology in so far as we contend that decrease 
in mitotic activity in some tissues constitutes 
a feature of progressing age in metazoa and 
that everything which interferes with cell mul- 
tiplication is very likely capable of modifying 
in some way the course of aging of the organ- 
ism. Besides this, mitotic poisons can influence 
the span of individual cell life in intermitotic 
cells. 


As stated by Cowdry (Problems of Aging, 
E. V. Cowdry, editor, Williams and Wilkins, 
Baltimore, 1942), “barring accidents, length of 
intermitotic cell life depends upon factors that 
promote or inhibit cell division” and “in the 
event of injury mitosis might be delayed, 
length of individual (cell) life might be ex- 
tended beyond the regular life span and age 
changes not usually seen might occur.” Such 
an injury may be caused by mitotic poisons, 
which often in addition exhibit carcinogenic, 
mutagenic, or morphogenic activity and inter- 
fere in many ways with the system of internal 
cell organizers. 


We may distinguish among the mitotic 
poisons 1) a large group of compounds, ex- 
traneous to the animal body or cell composition, 
and 2) substances of biologic origin and with 
physiologic function, including some hormones 
(adrenalin, estrogen), choline, etc. This 
latter group of substances has recently been 
thoroughly studied by Lettré (Ergebnisse der 
Physiologie, 46: 379-452, 1950) and are con- 
sidered by him to constitute a regulatory de- 
vice for proliferation processes in the body. 

The compounds of the first mentioned group 
may gain access to the body cells as the result 
of professional, therapeutic, or accidental ex- 


posure. The substances belonging to the group 
of body constituents may disturb cell division 


when present in the cell environment in ab- | 


normal concentrations or when undergoing 
some molecular change apt to modify their 
physiclogic function. 


EXPERIMENTS WITH TISSUE CULTURES 


In the studies by the present author, cell 
cultures (hanging drop method) were obtained 
from the cardiac region of 8 to 10 day old 
chick embryos. The medium consisted of one 
part of chick plasma, one part of chick embryo 
extract, and one part of Tyrode solution con- 
taining the compound to be studied in different 
concentrations (or Tyrode solution alone in the 
controls). The cultures were studied both in 
living condition (with phase contrast micro- 
scope) and after fixation with Zenker-formol 
and staining with hematoxylin. 

As an example of the effect on mitosis of 
nonphysiologic compounds we have carried out 
investigations with some acridine derivatives. 
In full accordance with observations of previ- 
ous investigators and chiefly of Lasnitzki and 
Wilkinson (British Journal of Cancer, 2: 369- 
375, 1948) we noted a strong inhibition of 
growth by very high dilutions of most of the 
acridine compounds. The cells were prevented 
from entering into division, but generally there 
was no interference with the actual process of 
division. 

However, an acridine derivative with a long 
side chain (Italchina or Atebrin) exhibited a 
more colchicine-like action in so far as it pro- 
duced (in dilutions up to 1:450,000) a large 
number of actual mitotic changes which were 
transmitted also to daughter cultures. Since 
we have already published in detail the results 
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of such observations (Rondoni and Necco, Ex- 
perientia, 7° 142-144, 1951), we do not need 
to elaborate on this point in the present com- 
munication. One observation, however, de- 
rived from further investigation of our tissue 
cultures deserves to be mentioned (Necco, 
Tumori, 37: 419-422, 1951). 

Necco observed in Italchina-treated cultures 
(but never in the controls) some rather large, 
round, or oval cells with pedunculated spheri- 
cal pseudopodia which very much resembled 
the cells described by Tennenbaum and Dol- 
janski (Cancer Research, 3: 585-603, 1943) in 
cultures of Rous sarcoma (fig. 9 of their 
paper). These strange cells, possessing often 
8 to 10 of these long cytoplasmic extrusions 
with a ball-like extremity, exhibited no sign of 
mitotic activity. They possessed dark-stained, 
sometimes vacuolated cytoplasm; and accord- 
ing co Tennenbaum and Doljanski are the ex- 
pression of a severe disturbance in the physico- 
chemical condition of the protoplasm. 

We may mention also more or less similar 
alterations described by Ludford (Scientific 
Reports of the Imperial Cancer Research Fund, 
"I: 169-177, 1943; Archiv fiir experimentelle 
Zellforschung, 18: 411-416, 1936), Ludford 
and Smiles (Journal of the Microscopical So- 
ciety, 70: 186-193, 1950) in normal and neo- 
plastic cells submitted to some damaging influ- 
ence. We are dealing certainly with regressive 
changes, which in sarcoma cultures do not rep- 
resent fingerprints of a virus, because quite the 
same appearance may be observed in non-neo- 
plastic cells exposed to a chemical agent. In 
the terminology of cytologists investigating the 
life and senescence of individual cells, we could 
perhaps say that the poison has changed vege- 
tative intermitotic cells into postmitotic ele- 
ments very likely about to die. 

Cantharidin was found to be very toxic to 
the tissue cultures, even in high dilutions, but 
its slight solubility was a hindrance to more 
precise experiments. Some guanidine deriva- 
tives endowed with a streptomycin-like action 
on bacteria were further investigated; they 
brought about, in concentrations of 1 :3,000 to 
1:15,000, a decrease of mitotic index and some 
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chromosomal abnormalities. In greater diiu- 
tions the guanidine preparations were devoid 
of activity. 

As an example of the mitotropic effects of 
some physiologic substances we investigated 
phosphorylated riboflavin, i.e., a vitamin which 
represents a yellow coenzyme taking part in 
oxydo-reduction processes. Such coenzyme, 
after its original discovery, remained a rather 
inaccessible substance for some years until 
Forrest and Todd (Journal of the Chemical 
Society, London, 642: 3295-3199, 1950) pro- 
vided a better preparative method and obtained 
a riboflavin-5’ phosphate supposed to be identi- 
cal with the naturally occurring compound. We 
owe a sample of this compound to the Firma 
Roche (Basel) and another one to Farmitalia 
(Milan) ; we have designated these as B, and 
B,F, respectively. 

We may summarize our findings as follows: 
B, in concentration of 1 :6,000 produced a de- 
crease of migration and growth, with tendency 
to rounding, swelling, and vacuolization of the 
cell body; very frequent formation ef blebs at 
the edge of the cytoplasm; strong decrease of 
mitotic index, with some mitotic alterations 
(mostly abnormal metaphases). It is possible 
that the low pH value of the B, solution (the 
pH of the original 1 :2,000 solution was 5.95) 
may be partly responsible for the observed 
cellular changes. With concentrations of 
1:12,000 to 1:24,000 the growth disturbance 
and some degenerative alterations were still 
present and the changes therefore could not be 
referred only to a change of pH. 

With B.F the results were somewhat differ- 
ent. Twenty-four hours after starting, the 
cultures, treated with a B.F solution of 
1:6,000 to 1:12,000 concentration, exhibited 
a larger proliferation zone in comparison with 
the controls. No degenerative alterations could 
be detected; the cells were normal in shape, 
with evidence of nucleus and nucleolus and 
without peripheral blebs. However, mitoses 
were still reduced in number, with 
chromosomal abnormalities (““bridges” in an- 
aphases, pycnotic metaphases). On the whole 
the decrease in mitotic index seemed less than 


some 
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with B,. After forty-eight hours the cultures 
had grown further, although a little less than 
the controls, and showed some vacuolization, as 
aging cultures usually do. 

We may therefore conclude that there exists 
a difference between the two preparations: 
B.F is less injurious to cells and does not dis- 
turb their proliferation but enhances it during 
the first twenty-four hours. In higher dilu- 
tions neither of the B, compounds showed any 
notable effect as mitotic poisons. The explan- 
ation for the different behavior of the two 
compounds may depend upon some differences 
in the method of preparation, which may some- 
times give rise to split products. 

We may assume that a marked increase of 
physiologic compounds in the environment of 
cells can bring about some growth and division 
disturbances. 


INFLUENCES OF SOME Mitotic PoIsoNs ON 
ENZYMES IN VITRO 


The following enzyme systems have been 
investigated: serum phosphatases, nucleotidase 
(from the small intestine of the calf), succino- 
dehydrogenase (from rat liver), some pro- 
teolytic systems (papain, organ cathepsins). 
We may summarize our results as follows: 
1) Human serum phosphatases. Substrate: 

disodium phenolphosphate. 

a) Colchicine exhibits a partially inhibit- 
ing effect on acid and alkaline phos- 
phatases. 

b) Urethane does not have any effect. 

c) Some carcinogenic hydrocarbons have 
a slightly inhibiting influence on both 
acid and alkaline phosphatases ; caffein 
employed to bring hydrocarbons into 
solution has a stronger inhibitory ac- 
tion. 

d) Nitrogen mustard inhibits the alkaline 
phosphatase; it activates acid phos- 
phatase in low concentrations of the 
enzyme but inhibits in the presence of 
higher concentrations of the phos- 
phatase. 

e) A synthetic estrogen (stilbene deriva- 


2) 


3) 


4) 


5) 
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tive) inhibits the alkaline phosphatase 
and activates acid phosphatase (Bar- 
bieri, Tumori, 36: 131-135, 1950; 37: 
71-82, 1951). 
Rabbit serum phosphatase, alkaline. 
strate: 8-sodium-glycerophosphate. 
a) NaCNO (molar concentration) exhibits 
definite inhibition, which is still more 


Sub- 


evident if serum (enzyme) is incubated } 


with NaCNO before the substrate is 
added. 

b) Urethane produces no action (Bernelli- 
Zazzera, Tumori, 37: 283-290, 1951). 

Nucleotidase (from calf intestine). 

strate: ribonucleic acid. 

a) NaCNO (molar concentration; pH 9) 
shows strong inhibition. Weaker con- 
centrations have no effect or a very 
slight activating effect. 


b) Urethane (molar concentration) has a | 


moderate enzyme activating effect (Ber- 
nelli-Zazzera, Tumori, 36: 204-214, 
1950). | 

Succinodehydrogenase (from rat liver). 

a) NaCNO exhibits definite inhibitory ac- 
tion on the enzyme, which is more pro- 
nounced if the enzyme is incubated 
with NaCNO before the test. 

b) Urethane shows very slight inhibition 
of the enzyme and only under anaerobic 
conditions (Bernelli-Zazzera, Tumori, 
37:, 361-370, 1951). 

Proteolytic systems. 

a) Investigations concerning the inhibitory 
effect of carcinogenic hydrocarbons and 
other compounds on SH-activated en- 
zymes (papain, cathepsins) have been 
carried out by Rondoni and his associ- 
ates over a period of several years 
(latest publication, Rondoni and Bar- 
bieri, Enzymologia, 14: 10-14, 1950) 
and will not be reported here. In recent 
studies less regular results have been 
obtained. 

b) NaCNO exerts an inhibitory effect on 
papain, which can be reverted by KCN 
and cysteine. A reaction of NaCNO 
with thiol-groups is generally recog- 
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nized (Bernelli-Zazzera, Tumori, 36: 
204-216, 1950). 


From the previous observations we may in- 
fer 1) that urethane has no effect or only a 
very slight effect on the enzymes mentioned ; 
2) that other mitotic poisons frequently possess 
an inhibitory or activating effect on phos- 
phatases, particularly alkaline phosphatase. 
These poisons also show activity with regard to 
nucleotidase; phosphate and nucleic acid me- 
tabolism play an important role in mitosis; 
3) that there is a possible interference of 
mitotic poisons with thiol-groups of cell com- 
ponents; 4) that an interference of at least 
one compound (NaCNO) also interferes with 
an enzyme acting in oxidation reduction 
processes (succinodehydrogenase ). 


TissUE REGENERATION IN THE SALAMANDER 
(TRITON VULGARIS) 


Following amputation of one limb or of the 
tail of the Triton, the regeneration under in- 
fluence of 3,4-benzopyrene, colchicine, urethane, 
and NaCNO was studied. The substances were 
administered in different ways. Thus, benzo- 
pyrene was dissolved in Triton-fat and placed 
over the amputation stump. The other com- 
pounds were applied in aqueous solution and 
were either painted over the amputation area 
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or the tail of the animal was submerged in the 
solution. The carcinogenic hydrocarbon (3,4- 
benzopyrene) brings about a disturbance of 
the “individuation field” and causes many 
chromosomal abnormalities. 

Colchicine in low concentration, when paint- 
ed on the amputation stump, does not pre- 
vent full regeneration. Some alterations of 
mitosis occur, however, with stronger concen- 
tration when the submersion method is used. 
Under these conditions colchicine causes severe 
disturbance of regeneration and chromosomal 
changes are abundant. Painting of the stump 
with urethane does not prevent regeneration, 
but many mitotic abnormalities are observed. 
A few experiments with NaCNO gave similar 
results as the urethane experiments (Prada, 
Tumori, 36: 66-74, 1950). 

Therefore we may conclude that some sub- 
stances in appropriate concentrations may allow 
a nearly normal regeneration despite some 
mitotic disturbances in the cells of the regen- 
erating stump. Very likely the stimulus to re- 
generation may elicit a kind of rejuvenation 
of the tissues which is able to overcome the 
regressive changes in some individual cells and 
to induce a nearly normal regulation. 


Istituto di Patologia Generale 


Via Mangiagalli No. 31 
Milan, Italy 








HISTORICAL SECTION 


Observations on Gerontology in the Seventeenth 
Century 


LEONELL 


N 1623 appeared the Historia Vitae et Mortis 
(in Latin) of Sir Francis Bacon. An Eng- 
lish edition was published by William Rawley 
in 1638. From the first, the book was held in 
high esteem and widely read. It should be of 
interest to students of gerontology. 

The original purpose of the work was “the 
prolongation and setting up of human life.” 
In it, Bacon outlines how the processes of life 
influence longevity and tries to indicate a 
theory of the presence of a vital spirit in all 
forms of animals and plants. He discusses 
his investigations and observations on many 
matters bearing on the preservation of health 
and longevity, as well as “the causes of the 
consumption of the body and the mode of 
reparation.” 

I quote from the edition of 1650 which ap- 
peared bound together with the 1651 edition 
(the sixth) of the Sylva Sylvarum and the 
New Atlantis. 


THE D1IFFERENCES OF YOUTH AND OLD AGE 

The Ladder of Mans Body is this, ‘To be conceived, 
to be quickned in the Womb, to be born, to suck, to 
be weaned, to feed upon Pap, to put forth Teeth, 
the first time about the second yeare of Age; to begin 
to goe, to begin to speak, to put forth teeth the sec- 
ond time, above seven yeares of Age, to come to 
Puberty about twelve or forteen yeares of age, to be 
able for generation, and the flowing of the Menstrua, 
to have hairs about the Legges and Arme-holes, to 
put forth a‘ Beard; And thus long, and sometimes 
later, to grow in stature, to come to full yeares of 
strength and agility, to grow gray and bald; The 
ceasing of the Menstrua, and ability to generation, 
to grow decrepit, and a Monster, with three Legges, 
to die. Mean while the minde also hath certain 
periods; but they cannot be described by yeares, as 
to decay in the Memory, and the like; of which 
hereafter. 


C. STRONG 


The Differences of Youth and Old Age, are these, 
A young mans skin is smooth, and plain; an old mans 
dry, and wrinkled; especially about the forehead and 
eyes: A young mans flesh is tender and soft, an old 
mans hard: A young man hath strength and agility, 
an old man feeles decay in his strength, and is slow 
of motion: A young man hath good digestion, an old 
man bad: A young mans bowels are soft and succu- 
lent, an old mans, salt and parched: A young mans 
body is erect and straight, an old mans bowing and 
crooked: A young mans limbs are steady, an old mans 
weake and trembling: the humours in a young man 
are cholerick, and his blood inclined to heat; in an old 
man phlegmatick and melancholick, and his blood in- 
clined to coldness: a young man ready for the act 
of Venus, an old man slow unto it: in a young man 
the juyces of his body are more Roscide, in an old 
man more crude and watrish: the Spirit in a young 
man plentifull and boiling, in an old man scarce and 
jejune: A young mans spirit is dense and vigorous, 
an old mans eager and rare: A young man hath his 
senses quick and entire, an old man dull and decayed: 
A young mans Teeth are strong and entire, an old 
mans weak, worn, and falling out: A young mans 
haire is coloured, an old mans of what colour soever 
it were, gray: A young man hath haire, an old man 
baldnesse: A young mans pulse is stronger and quicker, 
an old mans more confused and slower: The diseases 
of young men are more acute and curable, of old 
men longer and hard to cure: A young mans wounds 
soon close, an old mans later: A young mans cheeks 
are of a fresh colour, an old mans pale, or with a 
black blood: A young man is lesse troubled with 
Rhumes, an old man more. Neither doe we know 
in what things old men doe improve, as touching their 
body, save onely sometimes in fatnesse; whereof 
the Reason is soon given; Because old mens bodies 
doe neither perspire well, nor assimilate well. Now 
Fatnesse is nothing else but an exuberance of nourish- 
ment, above that which is voided by excrement; or 
which is perfectly assimilated. Also, some old men 
improve in the appetite of feeding, by reason of the 
Acide humours; though old men digest worst. And 
all these things which we have said, Physicians negli- 
gently enough will referre to the Diminution of the 
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Natural! heat, and Radicall Moisture: Which are 
things of no worth for use. This is certain, Drinesse 
in the comming on of yeares, doth foregoe Coldness: 
and bodies when they come to the top, and strength 
of heat, doe decline in Drinesse; and after that fol- 
lowes Coldnesse. 

Now we are to consider the Affections of the 
Minds. I remember when I was a young man at 
Poictiers in France, I conversed familiarly with a 
certain Frenchman; a witty young man, but some- 
thing talkative; who afterwards grew to be a very 
eminent man: he was wont to inveigh against the 
manners of Old men; and would say, That if their 
Minde could be seen, as their Bodies are, They would 
appeare no lesse deformed. Besides, being in love 
with his own wit, he would maintain, That the vices 
of old Mens mindes, have some correspondence, and 
were paralell to the putrefactions of their bodies: 
For the drinesse of their skin, he would bring in 
Impudence; for the hardnesse of their bowels, Un- 
mercifulnesse; For the Lippitude of their eyes, an 
evill Eye, and Envy; For the casting downe of their 
eyes, and bowing their body towards the earth, 
Atheisme; (for, saith he, they looke no more up to 
heaven, as they were wont:) For the trembling of 
their members, Irresolution of their Decrees, and 
light inconstancy; for the bending of their fingers, 
as it were to catch, Rapacity and Covetousnesse: for 
the buckling of their knees, fearfulnesse; for their 
wrinkles, Craftinesse and Obliquity: And other things 
which I have forgotten. But to be serious, a young 
man is modest and shamefast, an old mans forehead is 
hardned: A young man is full of bounty and mercy, an 
old mans heart is brawny: A young man is affected with 
a laudable Emulation, an old man with a malignant envy : 
A young man is inclined to Religion and Devotion, by 
reason of his fervency and inexperience of evill; 
an old man cooleth in piety, through the coldnesse 
of his Charity, and long conversation in evill; and 
likewise, through the difficulty of his beliefe: A young 
mans desires are vehement, an old mans moderate: A 
young man is light and moveable, an old man more 
grave and constant: A young man is given to liberal- 
ity and beneficence, and humanity; an old man to 
covetousness, wisdome for his own selfe, and seeking 
his own ends: A young man is confident, and full 
of hope; an old man diffiderit, and given to suspect 
most things: A young man is gentle and obsequious, 
an old man forward and disdainfull: A young man 
is sincere and open hearted, an old man cautelous and 
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close: A young man is given to desire great things, 
an old man to regard things necessary: A young man 
thinkes well of the present times, an old man pre- 
ferreth times past before them: A young man rever- 
enceth his superiours, an old man is more forward 
to tax them. And many other things, which per- 
tain rather to manners, than to the present in- 
quisition. Notwithstanding old men, as in some things 
they improve in their bodies, so also in their mindes, 
unlesse they be altogether out of date. Namely; 
that as they are lesse apt for invention, so they excell 
in judgement, and prefer safe Things, and sound 
things before specious; Also they improve in Garrul- 
ity and Ostentation; For they seek the Fruite of 
Speech, while they are lesse able for Action; So as 
it was not absurd, that the Poets fained old Tithon; 
to be turned into a Grashopper. 


The entire work is well worth reading. In 
his address to the reader, Bacon states, 

“For wee have hope, and wish, that it may 
conduce to a Common Good; And that the 
Nobler sort of Physitians will advance their 
thoughts; And not employ their Times wholly 
in the Sordidnesse of Cures: Neither be Hon- 
oured for Necessitie only; But that they will 
become Coadjutors and Instruments of the 
Divine omnipotence and Clemencie, in Prolong- 
ing and Renewing the Life of Man: especially 
seeing we prescribe it to be done by Safe, and 
Convenient and Civill waies; though hitherto 
un-assayed.” 

In the Preface, there is expressed the 
thought, “For He that knowes not the wayes 
of Nature, how can he succour her, or turne 
her about.” Finally we find the modern genetic 
approach as follows, “Inquire touching the 
Length and Shortnesse of Life, in Men, accord- 
ing to their Races, and Families; As if it were 
a Thing Hereditary.” 


Department of Anatomy 
Yale University School of Medicine 
New Haven, Connecticut 





COWDRY’S PROBLEMS OF AGEING, third 
edition, edited by A. I. Lansing, The Williams and 
Wilkins Co., Baltimore, 1952, 1052 pages, $15.00. 

The third edition of this book is a valuable contri- 
bution to the literature on aging. The public has be- 
come increasingly aware of the importance of the 
second forty years of life and particularly so since the 
last edition appeared in 1942. They ask, as does the 
scientist, “Is aging inevitable or preventable?” and 
while the problem is not answered directly, the present 
edition does delineate both the growing points of 
knowledge and the depths of our ignorance on this 
subject. 

Gerontology owes much to the writings and inspired 
leadership of E. V. Cowdry and it is an indication 
of his faith in the future of gerontology and his 
sagacity that he should have delegated the editorship 
of the present edition to a younger man. Dr. Lansing 
has wisely confined his concept of aging to the pro- 
gressive deleterious changes of adulthood associated 
with the passing of the years. He has in consequence 
minimised the confusion that so frequently obtrudes 
into the subject of gerontology through attempting 
to include under this title all biologic processes asso- 
ciated with involutionary changes irrespective of what 
period they occur in the development of the animal. 

In a book covering such wide fields as the biologic, 
the clinical, and the sociologic problems of aging, and 
including contributions from 48 authors, there is 
inevitably a marked variety in the method of presen- 
tation and in the quality of the chapters. In some 
fields considerable research has been and is being 
undertaken, in others the problems are unexplored, 
while in others the contributors infer that the degen- 
erative disorders are the inevitable consequence of 
advancing years. 

Some authors provide not only a critical review of 
previous work but they indicate the limitations of past 
observations and the possible profitable fields for fur- 
ther study and research. In this respect mention should 
be made of Chapter 6, particularly the section dealing 
with the effect of diet on aging, and Chapter 28 on 
the metabolism of avascularized tissues. Chapter 26 
indicates the valuable information that may be ob- 
tained from a comparative histologic and hormonal 
study of one organ. Chapter 32 by contrast is a re- 
view of the problems of anaesthesia in aging and 
affords a concise guide to modern practice. The last 
four chapters, dealing with the sociologic aspects of 
aging in man, afford a valuable statement of the 
present position in the United States of America. 

This volume is not just another textbook of ger- 
ontology and geriatrics but a valiant attempt to indi- 
cate the present state of gerontologic knowledge and 
research. Both by statement and by inference the 
authors have attempted to indicate the limitations of 
our present knowledge and of the existence and im- 
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portance of the many problems still unsolved. The 
monograph is a real attempt to return to a past, but 
often today discarded, method of writing and should 
make a definite contribution to the advance of knowl- 
edge through stimulating interest in gerontologic re- 
search. 
R. E. TUNBRIDGE 
University of Leeds 
Department of Medicine 
Leeds, England 


CLINICAL USE OF FLUID AND ELECTRO. 
LYTE, by John H. Bland, W. B. Saunders Company, 
Philadelphia, 1952, 259 pages with 75 figures, $6.50, 

It has long been obvious that knowledge of water 
and electrolyte has lagged far behind its application 
in the care of the sick patient suffering from various 
types of water and salt depletion. Dr. Bland's book 


~ 


has covered the subject in a basic physiologic manner 


with adequate bibliographic references at the end of 
each of the 13 chapters. Unfortunately, it does not 
have an index. The material is thoroughly outlined 
and well illustrated with simple line drawings. 
readers accustomed to the use of milligrams as a 
unit of measurement may have some difficulty with 
milliequivalents, which has been used throughout the 
text. Nevertheless, the author emphasizes the clinical 
application of the subject matter and the point of view 
is always practical. 

Of special significance to those interested in the 
care of the aged is an excellent chapter, Fluid and 
Electrolyte in the Aged and Aging. The author 
makes the very important point that physicians tend 
to overlook water and electrolyte abnormalities in the 
aged “because of the pernicious habit of attributing 
any unusual occurrence or new development in geri- 
atric patients as being ‘due to his age’.” The author 
then goes on to discuss the various physiologic changes 


Many | 





during the aging process as they deal especially with | 


water, electrolyte, and nutritional needs. 
The book is bound in paper covers and the pages 
reproduced directly from typed manuscript. 
R. ELMAN 
Washington University School of Medicine 
Department of Surgery 
St. Louis, Missouri 
RHEUMATIC DISEASES, prepared by the Com- 
mittee on Publications of the American Rheumatism 
Association, W. B. Saunders Company, Philadelphia, 
1952, 449 pages with 126 figures, $12.00. 


This volume is composed of papers presented at the 
Seventh International Congress on Rheumatic Dis- 
eases, which was held in New York City in 1949. 

Subjects included cover most facets of current prob- 
lems in the field of rheumatology ranging from clin- 
ical reviews to experimental studies. Allied fields of 
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applied psychiatry, physical medicine, and orthopedic 
surgery are included as well as histologic and bio- 
chemical studies of connective tissue. Divergent points 
of view are presented on many controversial subjects. 

It was at this meeting that the effects of cortisone 
and adrenal corticotrophic hormone on rheumatic dis- 
ease were first presented to rheumatologists. Drs. 
Philip Hench and Edward C. Kendall presented their 
observations and described their work “not as a 
clinico-therapeutic report, but as a study of certain 
physiologic effects which these new hormones exert 
on rheumatoid arthritis and certain other diseases.” 
The data presented were not interpreted as a cure and 
in the light of three subsequent years of experience 
are correct in all details. 

The use of the electron microscope and newer 
micro-chemical techniques as applied to connective 
tissue study are presented. These avenues of infor- 
mation at present serve only as a source of basic facts 
and in no way seem to clarify any of the many unex- 
plained fundamental problems in this confusing and 
mysterious group of connective tissue diseases. 

One report describes the use of another new in- 
vestigative tool, radioactive gold, which was used to 
study gold metabolism in the rheumatic subject. 

The volume serves as a resumé of current think- 
ing and not as a complete review of the field. Its 
greatest usefulness would seem to be for those inter- 
ested in clinical and experimental rheumatology. 

P. O. HAGEMANN 


St. Louis, Missouri 


ORIGIN OF LIFE AND THE EVOLUTION OF’ 
LIVING THINGS. An Environmental Theory, by 
Olan R. Handyman, Philosophical Library, New 
York, 1952, 648 pages, $8.75. 


This book is built of large blocks of live contem- 
porary biology made to cohere by a thick coating of 
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an unusual compound—a philosophic amalgam of ma- 
terialism (“critical naturalism”), purpose and _ tele- 
ology, God and Christianity; “the spurious concept of 
chance finds no place to insinuate itself.” The origin 
of life, though outwardly granted to “natural law,” 
is treated mainly as an area already exhibiting certain 
phenomena of importance to the book’s argument. 
Sequence in organization leading to life is meagerly 
discussed; the coacervates and their literature are not 
mentioned; the full scale of viruses is viewed not 
as steps toward the living but as arrivals. The scant 
pages on the origin of life could have been written 
thirty or more years ago. 

The “germ integer”’—the molecule of chromatin, 
the gene—is the original living particle. In its modi- 
fied, aggregated, but concatenated forms it still is the 
builder of cells or of bodies (individuals), the receiver 
of impulses from cytoplasm or body that adaptively 
change it, and it is the vehicle of heredity and repro- 
duction. The gene’s structural changes—other than 
those involved in self-duplication perhaps—are purely 
adaptive changes made in response to environment 
when of evolutionary value. Neither naturai selec- 
tion nor fortuitous mutation is significant in species 
formation. Altogether, an odd, philosophically mixed 
and unsound argument for the effectiveness and direc- 
tive influence of environment is elaborated and applied 
to both embryogenesis and evolution. 


“‘Natural’ death marks the end of usefulness and 
purpose of the individual . . . . Nature is not con- 
cerned with longevity except insofar as it makes the 
accrual of adaptive changes (through reproduction) 
possible.” Apparently, cumulative and uncorrected 
failures—senescence—must inevitably occur in the 
post-reproductive period since at that period the pro- 
posed mechanism of germ chromatin advance, defense 
and integration cannot operate. 

O. RIDDLE 
Plant City, Florida 
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